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SUMMARY 
Scientific and technological effort as measured by the main re- 
sources of scientists and technologists is regarded as an essential 
factor in technological efficiency. Their contribution to industrial 
production may be specified as three separate functions: research and 
development, on- the -shop -floor and scientific management. There is an 
obvious difference in the nature of activity as well as in the length 
of time during which each type of scientific effort is likely to pay off. 
It seems thus necessary to distinguish between scientific efforts directed 
at current productive activities and those devoted to investment in future 
technology. 
From statistical point of view errors of omission in the specification 
of the production function are likely to result from ignoring the intro- 
duction of essential factors such as scientific effort as an explicit 
factor of production. Ignoring the correction for an incomplete adjustment 
of the studied units to the prevailin ase of the trade cycle is treated 
as an omission error on the grounds that the technical efficiency of all 
factors rather than the performance of capital alone is the one most 
likely to be affected by variations in the level of activity. Moreover, 
errors of spec±f icatioñ she T_e :nüremdnt of the input factors 
result from ignoring the heterogeneity of capital and labour. These 
errors of specification are likely to impart serious statistical bias in 
the estimated technological efficiency and in the estimated coefficients 
of the production function. Furthermore, they are likely to lead to un- 
sound policy recommendations (see Chapter V). 
The attempt made in order to avoid these sources of specification 
errors singularly and simultaneously provided, on the whole, consistent and 
statistically significant results despite data limitations. An appreciable 
part of the third factor of production or technical efficiency as estimated 
by the traditionally specified production function is explained when an 
account is taken of the vintage of capital, the structure of capital 
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and the structure of labour, (Chapters VI, VII and IX). The results 
of correcting for the cbgree of capacity utilization and of the explicit 
introduction of: current, lagged and disaggregated scientific effort 
seem to be consistent with the desirable property of reducing the bias 
that is likely to result from errors of omission in the specification 
of the production function. (see Chapters VIII, X, and XI). 
The model is applied to a cross -section of inter -industry in 1962, 
mainly on British and partly on Scottish manufacturing industries. 
In order to carry out the present investigation a laborious attempt 
has been made to implement existing British data on 23 manufacturing 
industries. Net output has been interpolated between the years 1959 - 
1962 inclusive. The Cambridge estimates of the Stock of all Fixed Assets, 
Plant and Machinery and other structures were further disaggregated. 
Modern and old layers of the vintage of: All Fixed Assets, Plant and 
Machinery and other structures were estimated. for 1962. For Scottish 
manufacturing industries an estimation has been carried out for Gross 
Output, Net Output, Stock of All Fixed Assets, Plant and Machinery, and 
other structures of capital for 23 industries in 1962, (see Chapter IV). 
CHAPTErt I 
INTRODUCTION 
I N T R O D U C T I O N 
A. In studying the factors contributing to and determining the rate of 
economic growth, the classical division into labour and capital 
(especially as conventionally measured) is increasingly regarded as providing 
inadequate explanatory variables because it does not allow for a proper 
treatment of technical progress. Increasing attention is also paid at 
present to the contributions which education, training, scientific knowledge, 
research and development and other forms of scientific effort have made 
towards technical progress and hence to economic development. New concepts 
and, consequently, new fields of interest made their appearance. From being 
treated as a "third" ar "residual" factor, technical progress is introduced 
explicitly in ecnonomic models, often broken down into various components. 
"Investment in Human ", "inventive innovative efforts ", "Economics of research 
and development" and "Economics of Science" are just a few examples of the 
attempt to break down the "third" or "residual factor ". 
In addition to the traditional recognition of the social and political 
advantages of a well educated population, there is a growing awareness of 
the economic advantages of the transmittal of information, skills and learning. 
Is it possible to isolate and quantify scientific knowledge? Can the 
requirements of research and development and scientific and technological 
manpower be determined to achieve set targets of economic growth? Howfar 
can we throw some light on the causes of economic growth and thus reduce the 
amount of our ignorance? It is one of the intentions of this study to evaluate 
the performance of scientists and technologists employed in various activities 
in manufacturing industry when they are treated as explicit factors 
contributing to industrial product. 
The problem of explaining economic growth and differences in tech, 
nical efficiency has generally taken one of two approaches in practices: 
The first approach has taken the line of regarding "residual growth" as 
reflecting "true technical change ". Similarly, it considers differences 
in technical efficiency as indicating, among other things, successful 
inventive innovative effort. This approach leads to hypotheses concern- 
ing the behaviour of non -conventional factors of production which are 
introduced explicitly in functional relationship. The second approach 
has taken the line of revising the measures of input factor of labour and 
capital so as to reduce the size of the residual by allocating parts of it 
to the redefined input factors. This approach involves allowing for same 
of the qualitative improvements as well as structural changes of the con- 
ventional input factors in order to eliminate sources of measurement bias. 
In its attempt to take account of qualitative aspects of conventional input 
factors, this approach meets some of the requirements of the first approach. 
The lines adopted by the present study are a mixture of the two 
approaches. 
Along the second approach, a revision is made in the measurement of 
the conventional factors of production in such a way as to avoid some of 
the bias introduced by aggregation, caused by ignoring qualitative aspects, 
or by leaving out of consideration the structure of input factor& activity. 
An improvement in measuring labour input is sought through considerations 
of variations in age /sex/skill structure and accounting for unemployment. 
In dealing with the measurement of capital input a deeper insight is 
gained by breaking down the aggregated stock of capital into the broad 
categories of plant and machinery, buildings and vehiclesStudy is needed for the 
quality of capital andits role in economic growth. The recent tendency 
to regard the age-distribution of capital as reflecting the quality of capital is 
based on the assumption that newer capital is also "better" since it 
incorporates the latest technical improvements. The flow of capital 
services into the current productive process is not only a function of 
capital stocks quantity and quality but also of the degree of its utili- 
zation. Since there is no published data on the under and unutilized 
capital by industry, it is advanced that the introduction of a separate 
measure of the degree of capacity utilization is sufficient to correct, 
among other things, for capital utilization. Since the estimation of 
the third factor tends to be affected by whether or not the level of 
activity is regarded, then the explicit introduction of the degree of 
capacity utilization in the production function is regarded as belonging 
to the first approach. 
Along the first approach, the "third factor" is regarded as mainly 
of an endogenous nature for which explanation should be provided. This 
will involve an explicit introduction of scientific effort as representing 
a significant part in "technological progress" and /or technical efficiency ". 
It is advanced that the inventive- innovative efforts of Research and 
Development are largely dependent on the existence of a wide scientific 
base in managerial activities and on -the- shop -floor. The contribution 
of inventive- innovative effort is regarded as resulting from the allocation 
of scientific input between current and future output. In other words, 
the output at the current period is determined not only by current inputs, 
(including scientific effort), devoted to current output but also by 
scientific inputs from past periods which have been devoted to improving 
technology. 
There are reasons to regard the employment of scientists and tech 
n_ologists on- the - shop -floor as the main form of scientific input that is 
allocated to current production. The evidence of similar investigations 
support the assumption adopted here that the employment of scientists and 
technologists in Research and Development is the main factor of scientific 
input that is devoted mainly to gaining a technological lead or catching 
up with technical leaders. It is, however, quite possible for some of 
the results of current Research and Development efforts to show up in 
current production. It is likely that a distributed lag of Research 
and Development is a suitable representation of its contribution to 
current and future production. The length of such a lag is dependent 
more on the industry or industries under consideration than on general 
'a priori' grounds. 
As a third form of scientific effort scientists and technologists 
in managerial activities are regarded as essential for industrial effic- 
iency. A distinction between Scientific management and other forms of 
scientific effort is also important to improve the specification of the 
input of science and technology as well as being necessary to increase the 
accuracy of the production function specification. It is, therefore, 
advanced that Scientists and Technologists employed in management may be 
regarded as a suitable representative of the scientific management's input 
that can be introduced explicitly in the estimation of the production 
function. This direct way of evaluating an important part of managerial 
effort will be compared with the approach of the introducing of a firm 
Dummy variable in order to isolate the management contribution from the 
residual or technical efficiency. However, the firm dummy represents, 
in addition, the effect of other factors that influence the firm's pro- 
duct but are not regarded explicitly as factors of production. 
Since one of the main duties of scientific management is to ensure 
effective efforts of Research and Development and on- the - shop -floor 
scientific efforts, it thus seems plausible to say that the contribution 
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of scientific management is probably spread over current and future 
production. 
From a statistical point of view, the bias encountered via errors 
of specification is regarded serious. However, emphasis in the literature 
has been placed so far mainly on the errors of specification resulting 
from omitting influential variables in the studied function. Such emphasis 
must not be undermined, yet due emphasis must be given to equally 
important sources of bias viz. errors of specification of variables' 
measurement. Both sources of specification error involve serious policy 
implications too. Therefore, the theory and practice of regarding various 
aspects of the pre -mentioned two approaches will be regarded from 
statistical and policy points of view. 
Due regard is usually given to policy consideration in view of the 
fact that prediction is becoming increasingly important for running the 
economy on a national or regional basis. This practice is adhered to in 
the hope that this study becomes beneficial in practice. This tendency 
led to extending the application from British to Scottish manufacturing 
industries too. 
It is regrettable that the word "regard" in the 
text should in many cases be read "consider ". 
B. Plan of the Work: 
Chapter II sets a brief distinction between various forms of 
knowledge, indicates the importance of scientists and technologists to 
the vital needs of the economy. It also shows the need for planning 
the requirements of scientists and technologists. In evaluating the 
contribution of scientists and technologists to industrial product, a 
distinction is introduced between the main activities of scientific 
and technological effort in industry. The main assumptions, objectives 
and definitions are also advanced. 
Chapter III provides a condensed summary of the work which under- 
lines and forms the background to the present study. 
In Chapter IV the task of describing data implementation and 
sources is undertaken. 
Chapter V is meant to provide a link between Chapters III and IV 
and the proposed model in its general form. It also prepares for the 
gradual application of the model on British and Scottish manufacturing 
industries. The first section emphasizes the threat imposed by data 
heterogeneity for the appropriateness of the results of the investigation 
whose broad statistical and policy features are drawn by Section B. 
Section B deals with the statistical and policy implications of the 
main sources of bias which result from errors of specifying the studied 
function as well as from the errors of sepcifying the variables involved. 
After a brief review of the previous work advanced by Chapter III, Section 
C formulates the present model in general terms so as to indicate the main 
features of the empirical work that will be gradually akëfl..úp-by chapters 
VI - XI inclusive. 
Chapter VI deals with the theory and practice of improving the 
measurement of capital through a distinction between its vintage. 
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In Chapter VII, improving the specification of capital is pursued further 
by observing a structural distinction as well as combining qualitative and 
structural improvements. 
Chapter VIII regards the influence of disequilibrium in the level 
of activity on the performance of the economy. A combined treatment of 
the degree of capacity utilization and the qualitative and structural 
aspects of capital is provided. 
Chapter IX considers the improvement of measuring labour through 
structural distinction. 
In Chapter X the scientific and technological effort is regarded 
within the framework of productive activity. The theory is advanced 
that a measure of technical efficiency based on national product will 
be biased upward to the extent that output increases brought about by 
new and improved products, processes and techniques are not attributed 
to their main creators, i.e. scientific and technological efforts. 
A distinction between scientific and technological efforts aimed at 
current productive activities and devoted to improving future technology 
is made; also a distinction is established between three activities of 
Qualified Scientific Manpower on the basis of the type of work. These 
are research and development activities, scientific management, and on- 
the- shop -floor effort. Moreover, a set of assumptions dealing with the 
introduction of Qualified Scientific Manpower into the analysis, are 
put forward. Furthermore, an inter -regional study of research and 
development effort is undertaken. It may be of interest to state that 
Chapters VI - X inclusive provide applications on both British Manufac- 
turing industries and Scottish manufacturing industries 
Chapter XI provides a condensed summary of the results and concluding 
remarks of Chapters VI - X. Moreover, Chapter XI pursues the study of 
scientific and technological effort in the British manufacturing industries 
alone since the relevant data on qualified Scientific Manpower for Scottish 
manufacturing industries is not obtainable on an industry basis. In 
particular the scientific effort of management, on- the -shop- floor, the 
likplihoód of a distributed lag of research and development effort, are 
considered . 'At the end, of Chapter XI general concluding 'remarks are 
provided. 
C. Limitations of the Study: 
Three main limitations may be singled out here.(1) These are: - 
(a) The limited extent to which problems of 
aggregation are dealt with. 
(b) The lack of treatment of and test for 
simultaneous equations bias, and 
(c) The dependence on estimated data to fill 
the gaps in the published data. 
Firstly, inter- industry production functions are usually estimated 
on the assumption that all considered industries have the same production 
function and thus each shares the value of the estimated parameters with 
all others. This procedure is followed in this study despite its limi- 
tation.(2) However, this is not an inherent limitation of the inter- 
industry functions alone; it may also be shared, e.g. by inter -firm 
production functions especially for multi -product firms in which the 
different production processes use different skills and composition 
(1) Other limitations are referred to in the text 
(2) This limitation is proposed by the evidence of inter -firm 
production functions which emphasize important and signifi- 
cant differences between industries. 
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of the labour force with respect to age and sex, and employ different 
vintages as well as different proportions of capital structure. 
The point is that the most important danger which threatens the 
appropriateness of the estimates of the inter - industry production 
function in particular, is the aggregation bias. Although there is 
another expressed concern with respect to the appropriateness of the 
estimated coefficients for predicting the effect of increased factor 
input; it owes its existence to the detrimental effect of aggregation 
bias. 
More than one approach can be devised to deal with aggregation 
bias. The one followed by this study is to deal directly with its 
main source. The set of factors which are mainly responsible for 
aggregation bias are mainly of an economic nature and have serious 
statistical and policy implications. They are dealt with theoreti- 
cally in Section B of Chapter V. The steps necessary for correcting 
for them empirically are taken in Chapters VI - XI inclusive. In short 
they form the main features of the present model and involve: - 
(i) Improving the specification of the main factors 
of production, i.e. labour and capital, and 
(ii) Improving the specification of the aggregate 
production function itself. 
Other approaches which deal with aggregate bias develops an aggre- 
gate production function whose coefficients may have built -in variabil- 
ity instead of being constant seems to be a tempting tool though it has 
not passed the experimental stage (e.g. Massel 1962). This method 
which intends to improve the estimated aggregate production function, 
(in the sense of reducing aggregation bias), derives such a function 
from the individual production functions of each constituent industry. 
A macro- production function can be obtained from individual production 
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functions only if the latter functions possess certain essentially linear 
properties (Theil 1959). Broadly speaking, if linear micro- relationships 
are aggregated in terms of linear aggregates to a linear macro-relation- 
ship the resulting macro- parameters are weighted sums of all micro - 
parameters.(1) 
No attempt is made to estimate the aggregate production function in 
the present study, along this line or to test for the aggregate bias, 
though it would have been desirable to do so. The main reasons are: - 
(1) Data poses the greatest limitation 
(2) Such an effort seems to warrant an 
independent enquiry. 
Secondly, no attempt is made to test for or to avoid simultaneous 
equation bias through adapting particularly most efficient methods of 
estimation.(2) Time and data has not been sufficient to apply two 
interesting methods. The first is the Zenner version of the "Aitken 
generalized Least Squares ". This method is designed to improve the 
efficiency of the estimated parameters of the single equation, as well 
as testing for aggregation bias. It requires the use of cross -sections 
of time series. The second method is the standard co- variance analysis 
which like the Zenner approach requires cross - sections of time series 
but it has the most desirable virtue of reducing to a large extent the 
simultaneous equation bias. Such bias means that the estimates based upon 
a single equation (such as the aggregate production function) are biased 
because this equation is a member of a system of equations such that the 
(1) For each Macro- parameter there is one sub -group of Micro- parameters 
which play an influential role in the sense that its weights add up 
to 1, whereas the sums of all other Micro- parameters varies. Such 
favourite sub -group happens to be the one which corresponds in 
economic meaning to the macro- parameters considered. 
(2) It is to be noted that the detrimental effect of many other 
sources of bias has been largely reduced or corrected for by 
this study, including managerial bias. 
explanatory variables, as well as the dependent variable, are functions 
of the disturbance term in the given equation. 
(1) 
Apart from simultan- 
eous estimates, (for which existing data are insufficient), the standard 
co- variance analysis seems to be most suitable for reducing the 
simultaneous equation bias in the present situation. 
Thirdly, the fact that necessary data had to be estimated, inter- 
polated and disaggregated may on the one hand be desired as an end whose 
achievement is welcomed and thus a source of blessing. On the other 
hand the great reliance on such implemented data is likely to impose a 
strain on the conclusions derived from the estimated relationships and 
on the degree to which these conclusions may be generalized. On the whole, 
the interpretations and conclusions drawn must be treated with caution 
and at best may be regarded as suggestive. It may be added that even the 
published data is hardly homogeneous in the strict sense. This fact is 
emphasized in data implementation and whilst appraising the comparability 
of data for inter -industry study as well as far other purposes, it is 
then pointed. out that sampling technique, sampling units, coverage and 
definition may change from one source of information to another, from 
one region to another and from one time period to another. Nevertheless, 
it is a source of satisfaction that consistancy persists through the 
estimated. relationships. Further, there is agreement between the aggregate 
production function estimated on the basis of published data and the 
aggregate production function which incorporate variables which are 
assessed by the present study. 
(1) One of the main assumptions of ordinary least squares, the 
independence between explanatory variables and the residuals, 
becomes no longer applicable. 
CHAPTER II 
THE EMPLOYMENT OF SCIENTISTS AND 
TECHNOLOGISTS 
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THE ENTLOYMENT OF QUALIFIED 
SCIENTISTS AND TECHNOLOGISTS 
After giving briefly a distinction between various forms of 
knowledge, this chapter proceeds to show the importance of scientists 
and technologists in speeding the rate of technological progress, 
increasing economic prosperity, guarding national security and improving 
the nation's trade in a competitive world. 
Section "C" deals with the need for planning the requirements of 
scientists and technologists both in highly industrial and in developing 
economies. In section "D" an evaluation of the contribution of scientists 
and technologists to industrial product is introduced. Also a distinction 
between the main activities of scientific effort in industry is advanced. 
In the remaining three sections the main assumptions of the model 
are introduced, the main objectives of the study are described and the 
important definitions are given respectively. 
A. Technological Knowledge: 
With few exceptions generations of economists regarded technological 
knowledge as a non -economic phenomenon determined externally. The 
"promotion" of technological knowledge from the rank of an exogenous, 
independent variable to that of an endogenous variable dependent on 
input and on the allocation of resources, is an important step. Not 
that this idea is a novel one. It goes back to Adam Smith, who wrote 
that "man educated at the expense of much labour and time may be com- 
pared to one of those expensive machines ".(1) But never before our 
(1) Adam Smith "An Inquiry into the Nature and Causes of the Wealth 
of nations ", Everyman's Library, 1910, Vol. I, pp. 88-890 
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time has the interest of economists and econometricians been so closely 
concentrated upon the analysis of economic growth and development. 
Thus it is not surprising that there is now such a burst of activity 
in the study of productivity of investment in knowledge. The focus 
of these studies is upon education, basic research, and applied 
technical research and development. The production of some types of 
knowledge is being regarded as an investment in the sense that it will 
pay off in the future through increased productivity. 
There are, however, several other types of knowledge, besides those 
designed to pay off in the future. The most important of these is that 
complementary and needed scientific and technological knowledge in top 
executives and on-the-shop-floor. The knowledge implemented in such 
fields is not designed mainly to pay off in the future, but is meant to 
render immediate benefits, hence it may be regarded as current input 
factors. 
Other types of knowledge are designed to give immediate utility 
and may be regarded as consumption types to the recipients. Society 
is allocating more and more resources to the dissemination of such 
knowledge. The printing of books, magazines, and newspapers, radio 
broadcasting, television, productions, etc., are examples. 
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B. The Importance of Scientists and Technologists: 
Economic activity is concerned with the satisfaction of human wants, 
and technological progress permits these wants to be satisfied better 
than did pre -existing knowledge. Technological progress is mainly the 
outcome of innovated scientific effort and increased human intellect and 
experience. The production of new technology is itself an economic 
activity, for it represents in essence the mobilisation of society's 
creative energies to reduce scarcities more than the existing resources 
and products can. It seems essential thus to evaluate the effectiveness 
of such a reputable element in the economy's creative energies as 
scientific, (natural and social), and technological manpower. 
The appreciation of scientific effort is being increasingly regarded 
as not only a guaranteed wayto speed up the rate of technological and, 
consequently, economic advance, but also a condition for survival in a 
competitive world. A country can achieve a higher standard of living 
either by increasing the rate of exploitation of its natural resources or 
by improving the manner of that exploitation so as to fulfil human needs 
at less cost. One of the ways of achieving the latter situation is to 
intensify scientific effort, i.e. mainly to improve the manner of the 
exploitation of the natural resource of brains to supplement (or to make up 
deficiencies in) other resources. 
Moreover, technological progress and investment in human intellect 
become increasingly attractive to both researchers and policy makers 
primarily because the growth of per -capita Gross National Product, and also 
in advanced economics, military power, has been placed high on the priority 
list. Towards that end large public and private outlays on Research and 
development and on elaborating human capacities have been allocated. 
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C. Planning the Requirements of Scientists and Technologists: 
In highly developed countries interest in the requirements of 
manpower in general and in scientists and technologists in particular, 
has arisen because of the attendant need for government investment in 
the expansion of educational facilities and because of the shortage of 
scientific and technological personnel which has developed because the 
demand for them has risen so dramatically in industry, government and 
trade, etc. Emphasis on the planning of at least some aspects of each 
nation's economic development has focussed attention on the manpower 
requirements which have to be planned for. In developing countries 
the concern with manpower requirements has reflected recognition that 
the provision of skilled workers has to go hand in hand with the intro- 
duction of new industries or advanced industrial processes. Modern 
medical care, efficient government administration, and considerable 
educational improvement requires highly trained personnel, teachers and 
educational administration. It is thus likely that technology and 
economic growth can largely be impeded in any country by shortages in the 
supply of highly skilled personnel in relation to vital needs. Of course 
it is evident that surpluses in certain types of disciplines does not 
compensate for the above -mentioned shortages, since the market mechanism 
does not respond to short -term disequilibria. 
A carefully planned educational system should provide a flaw of 
graduates in each discipline to meet the growing needs of various sectors. 
A balanced number of technicians and supporting staff should also be made 
available in order to make best use of the effort of highly qualified 
personnel. Further, the educational system should take the responsibility 
of increasing the quality and skill of the labour force. Furthermore, 
public training centres, and on -the -job training, together with educational 
efforts should be co- ordinated with the view of bringing about highly 
trained manpower. 
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D. Evaluatin the Contribution of Scientists and 
Technologists to Industrial Product: 
As a result of the fundamental importance of scientific effort to 
national growth andtechnological advance, there has been a growing 
interest in evalua -ting its contribution to national growth in general 
and to industrial product in particular. The main emphasis has been 
towards one aspect of scientific effort, namely Research and Development 
effort, and on some of the results, (or inventive- innovative output), 
namely number of patents and major individual innovations. Otherwise 
all types of scientific effort have been implicitly regarded as compon- 
ents of technological progress and assumed to be embodied in capital 
formation. 
The present study, which favours an explicit measurement of scientific 
effort as a whole and as broken down to its main industrial functions, 
does not exclude the liklihood that part, but only part, of scientific 
contribution may be incorporated in new and improved capital. In other 
words the view is advanced that it may be possible at least in theory to 
evaluate the contribution made by scientists and technologists in a form 
that can be related to measured industrial product. Ignoring scientific 
effort in management, on- the - shop -floor and in research and development 
makes it likely that measured technological progress (or technical effi- 
ciency) may be biased upwards to the extent that output increases brought 
about by new products, improved processes, production and management 
techniques, etc. are not attributed to their main creators.(1) Thus it 
seems appropriate to study scientific effort within the framework of 
productive activities and to distinguish between the main functions of 
(1) In an economy wide study a fourth function, namely education 
may not be disregarded. 
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scientific personnel. 
The distinction between the three activities of scientific effort 
is based on logical grounds. In addition to the fact that the nature 
of work performed by each is different, lags of various length (or a 
distributed lag) seem likely for some scientific activities whilst for 
others this is not so. The time lag involved in the case of pure 
research is relatively longer compared with the lag needed for development. 
No such lags are expected to delay the contribution of scientific effort 
both on- the - shop -floor and in managerial activities. kIoreover, it is 
desirable to evaluate the relative contribution of each type of activity 
to the productive process. 
The rationale for distinguishing among scientific functions may 
be summarised as follows, inventions are created in the research and 
development stage. Unless these inventions are innovated they may 
bear no direct effect on technological progress. An indirect effect 
is the increase in the stock of knowledge which may be of use one day, 
and another is the increase in the experience of the scientific persons 
involved.`1) Innovations are made easier and more rapidly in the 
production department if there is a sufficient amount of Scientific 
Ianpower on- the - shop -floor who appreciate the significance of research 
and development output and manage its application. The original decision 
to commence research and the co- ordination of the whole process has to be 
controlled by a scientifically appreciative minded management. Such 
management has sometimes to choose amongst a range of alternatives or 
take the responsibility of assessing the commercial and growth potential 
of a given invention, or research and development project. 
(1) Other effects may be exerted on the cost of solving already perceived 
practical problems and the more advance in the knowledge may generate 
searches for problems that knowledge could be applied to. 
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E. Assumptions: 
The following are the main assumptions: -(1) 
(i) All capital formation incorporates the most up -to -date 
production technique. Modern layers of capital, and 
in particular, modern layers of plant and machinery are 
thus regarded as more efficient than old layers of 
capital and /or plant and machinery. A great degree of 
flexibility is thus introduced by regarding a distinction 
between modern and older type of capital (and /or plant 
and machinery). In theory, the homogeneity requirements 
would necessitate a distinction between each vintage of 
capital and the next, because this year's capital is by 
assumption superior to last year's capital. Pursuing 
the homogeneity requirement to its logical conclusion 
would mean that a separate production function (which 
may be called a vintage production function) should be 
formulated to describe the output producable by a given 
vintage of capital and the labour necessary to man it. 
(ii) The coefficients of the production function are homogeneous 
across industries. 
This assumption is made, in spite of its limitation, 
because the data available on scientific and techno- 
logical personnel is appropriate for estimating inter- 
industry functions. 
(1) These assumptions relate to the main structure of the study. Some 
more assumptions are made to allow data manipulation which will be no 
longer necessary if the required data is made available and comparable. 
More specific assumptions are made with respect to the employment of 
Qualified scientific manpower in productive activities (see Chapter X.) 
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Although it is likely that this assumption introduces 
some aggregation bias, the steps taken to avoid erratic 
specification of input factors and the incomplete speci- 
fication of the aggregate production function should 
reduce this bias,(See pages 8 and 9 )o 
(iii) The degree of capacity utilization is measured by the 
ratio of numbers in employment to insured labour. 
This assumption is imposed by the data available. 
Amongst the alternative measurements of the degree of 
capacity utilization, it seems that there is no 
empirical evidence to prefer any over the others 
(See Brown, 1967). However, the limitations of this 
assumption is regarded in Chapter VIII: 
Also the possibility of its relaxation is considered. 
F. Objectives: 
The main objectives of this study are : -(1) 
(i) An evaluation of the relative contribution and 
effectiveness of each one of the main scientific 
functions on the productive process, together with 
an evaluation of the effect of both current and 
lagged investment in technology. 
(ii) The development of an empirical method of dealing 
with the vintage of capital which recognizes 
existing data limitations and is appropriate from 
the point of view of policy consideration. 
(1) For other desirable objectives which may be achieved on the 
basis of micro data see appendix to Chapter II. 
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(iii) An improvement in the specification of capital via the 
introduction of a distinction between various structures 
of capital and between different vintages of capital. 
(iv) An improvement in the specification of the aggregate 
production function through an allowance for variations 
in the level of activity. 
(v) An improvement in the specification of labour via a 
distinction between labour's age /sex structure as well 
as a distinction between various qualities of labour. 
(vi) An investigation into the result of breaking down the 
residual term which is generally known as technical 
efficiency, technological progress, or the third factor 
of production through: - 
(a) The introduction of scientific effort as a 
current factor of production and as an invest- 
ment in future technology. 
(b) The improvement of the specification of the 
measurement of capital and labour and of the 
aggregate production function. 
(vii) A consideration of the statistical and policy implication 
of ignoring various sources of bias. 
G. Definitions: 
(a). Qualified Scientific and Technological Manpower: 
What is meant by Qualified Scientific Manpower? Is it meant to 
refer to the handful of brilliant geniuses in a given economy, to those 
with doctoral degrees, to those with same acquired or developed skill? 
What characterizes "specialized talent ?" It has been pointed out that 
the category called "specialized" or "scientific" or "professional" is 
much easier to illustrate than to define, Cole (1957). 
An investigator in this field, especially if he is to rely on some 
available source of information, may be limited by the existing system 
of caassification which may add to the confusion of failing to take into 
account the most recent and ever changing trends of specialization and 
the appearance of new subject fields. Those limitations must not be 
ignored in any attempt to reconcile widely conflicting estimates of the 
number of highly trained personnel. 
Further difficulty arises when the concept of specialization under- 
goes a change of definition. What was once a specialized skill might be 
considered unskilled or semi- skilled now. Time and place has much to do 
with the hierarchy in any job classification. The nature of the job 
required, the characteristics of the person performing it, or the c 
plexity of the product or service involved are factors in continuous flux, 
making it difficult to reach a universal definition of scientific personnel. 
Nevertheless it may be asserted that any acceptable definition of QSMP 
should be a dynamic and flexible one to allow for trends both in the 
educational system and in the type of work undertaken by Qualified 
Scientific Manpower. 
It is noteworthy éhat the definition of Qualified Scientific 
Manpower provided by the first triennial survey of 1956 has changed twice, 
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once in the 1959 survey and again in 1962, the present study will follow 
the definition provided by the third triennial survey.(1) The 1962 
survey defined Scientific Manpower to include all professionally qualified 
scientific and technological manpower available for employment. It thus 
covers university graduates in scientific and technological subjects; 
holders of certain other awards of comparable status, such as the Diploma 
in Technology, and associates of all those institutions for higher edu 
cation, and corporate and graduate members of those professional institu- 
tions which are listed in Appendix A of that report. The reason for 
adopting this definition is primarily to draw on the survey's pool of 
information and also to attempt to reconcile the information provided by 
other surveys with the 1962 survey in order to assess comparable figures 
of Qualified Scientific Manpower. 
Qualified Scientific Manpowrer is sometimes refered to as Scientists 
and Technologi sts, scientific talent, scientific personnel, and highly 
qualified personnel. The input of scientific manpower is inter - changed 
with the inventive- innovative effort and scientific effort. 
(b). Research, Development, Design and Production: 
A dangerous misrepresentation of various aspects of a firm's 
activity arises if no clear distinction is drawn between research activity 
and other related scientific activities such as routine testing and 
scientific information services. Also, a "cut -off point" between devel- 
opment work and production must be established. This distinction is 
necessary to improve the accuracy and comparability of information on 
scientific effort and thus to avoid misinterpretation of the 
data. 
(1) D.S.I:R. Report 1956 
H.M.S.O. Comnd. 902, 1959; and Comnd. 2146, 1963. 
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An overstatement of research and development activities would arise 
from the inclusion of "related scientific activities ". It may be a 
source of convenience that the Frascati Manual has laid down comprehensive 
guide- lines.(1) Proposals were made by the Manual for a "three stage" 
system of measurement whereby respondents would give more serious thought 
to the problems of distinguishing between the three stages and render 
more precise returns. Such returns should provide total expenditure 
and manpower on all activities, an explicit account of non -research 
functions, and the appropriate amount for research and development work 
which may be carried out in other departments to which the research unit 
may be attached (e.g. development work in production shops in the case 
of the research department of an industrial firm). The Manual recom- 
mendations are:- 
"If the primary objectives are to work further improvements 
on the product or process, then the work comes within the 
definition of Research and Development. If, on the other 
hand, the product or process is substantially "set" and the 
primary objective is to develop markets or to do pre -production 
planning, or to get the production process going smoothly, then 
the work is no longer Research and Development ". 
Applying the Frascati definition the design, construction and testing 
of prototypes normally falls within the scope of Research and Development. 
This applies whether only one prototype is made or several and whether 
consecutively or simultaneously. But after the prototype(s), with any 
necessary modifications have been satisfactorily tested, the costs of 
the first trial production runs cannot be attributed to research and 
development as the primary objective is no longer further improvement 
of the product, but getting the production process going. 
(1) Frascatits Manual, paragraph 2.3. 
The first units of a trial production run for a mass production series 
should not be regarded as research and development prototype, even if 
they are loosely described as "prototypes ". 
It is also difficult to draw a distinction between research and 
development. Still more difficult is the separation of basic (or pure) 
research from applied research, and to sub- divide development, e.g. into 
explanatory and specific Development. All these division lines have 
not yet achieved a wide recognition mainly because distinctions that fit 
the situation of one industry do not fit the situation of others. 
Research and development refers more typically to the process of tech- 
nological innovation: creation., application and diffusion. Scientific 
findings and technological inventions would require technological devel- 
opment for practical, chiefly industrial, application. The twin term of 
research and development is, however, a poor one, for it is not research 
that is developed; instead the findings of Research together with exis- 
ting stock of knowledge, technological possibilities, and innovation, 
are developed for use in production. 
Development is the systematic use of scientific knowledge dir ected 
toward the production of useful raw materials, devices, methods, systems 
or processes, exclusive of the design and development of prototypes. 
In contrast to applied research which is designated "investigation ", 
Development is called "technical activity" especially that directed 
to non -routine problems which are encountered in translating research 
findings and general scientific knowledge into new and improved products 
and processes. Raw inventions have to be further developed before they 
can be usable. It is usually a long way from sketching how the invention 
is supposed to work, to the blueprints and specifications for the construction 
of the productive facilities. This long way involves experimentation, 
design and development of prototypes, scale models, testing, the construe- 
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tion of pilot plants, studies for use of pilot -plant experience in 
large -scale production, and a great many new problems, new solutions, 
redesigning, retesting, etc., at every step of the process. Ahen 
development designates the sum total of all the steps taken between 
invention and production, it becomes a little easier to determine where 
it begins, especially if the invention is patented, so that the patent 
application marks the end of invention work and the beginning of the 
Development activity. Tests and evolutions do represent a sizable and 
probably increasing share of total research and development experience. 
They must be incurred before anyone may introduce any of the technolog- 
ical novelties in the actual production programme. The tests are not 
routine checks within the production process; they are the "final exam 
ination" which the candidates for innovation, for introduction in pro- 
duction, must pass in order to demonstrate that the development process 
has been successfully completed, and thus are an integral part of devel- 
opment and their costs are a legitimate part of research and development 
expenditure. 
The basic criteria for distinguishing basic research from applied 
research is that the former creates basic knowledge on which practical, 
applicable knowledge may rest but which itself is too general, too broad 
or too deep, to have direct application, whereas applied research creates 
directly applicable knowledge.(1) As far as industrial firms are con- 
cerned basic research projects represent "original investigation for the 
advancement of scientific knowledge ... which do not have specific 
commercial objectives, though they may be in fields of present or 
potential interest to the reporting company ".(2) 
(1) P. Machly "The Production and Distribution of knowledge in the U.S." 
Princeton University Press, 1962. 
(2) Vonnevar Bash, "Science, the endless frontier ". A report to the 
President, Washington, 1945. 
Research undertaken by industrial firms should be presumed to be 
applied research. Because of the abstract nature of basic research 
and because of an element of arbitrariness in the identification of 
the borderline in the area between basic and applied research, firms 
are guided by their oun interpretation. Only very feu giant corpora- 
tions in the United States are known to have basic research departments. 
Moreover, researchers in such departments are inclined to become patent - 
minded within a few years of their commencement. Applied research is 
being restricted to research projects which represent investigations 
directed to the discovery of new scientific knowledge and which aim at 
specific commercial objectives with respect to either products or processes. 
Qualified scientific manpower employed in research and development 
is sometimes referred to as research and development personnel, creative 
personnel, creative ability, or research and development team. 
The input of qualified scientific manpower engaged in research 
and development is sometimes refered to as the research and development 
effort, scientific effort in research and development, or scientific 
effort devoted to improving future technology. 
No distinction is made by the present study between scientific and 
technological personnel engaged in the research and development activities. 
The numbers employed in research and development are taken from the 
triennial scientific and technological manpower surveys (apart from the 
introduction of some necessary corrections described by Chapter IV ). 
Qualified scientific manpower engaged in the production department 
is sometimes refered to as scientific personnel on- the - shop -floor. 
The input of qualified scientific manpower on- the - shop -floor is 
sometimes refered to as scientific effort on- the -shop -floor. 
The numbers of qualified scientific manpower employed on -the shop - 
floor are provided by the triennial scientific and technological manpower 
surveys (see Chapter IV). 
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APPaiDIX TO CHAPTat II 
Unrealized but still desirable objectives: 
(i) An assessment of the most desirable technical coefficient of the 
main function of scientific effort as a guide to future requirements 
of Qualified Scientific Manpower. 
The most desirable technical coefficient of 'qualified Scientific 
Manpower is defined as the output elasticity with respect to the 
Qualified Scientific Mnpower as estimated by an inter -firm (or time - 
series of inter -firm) production function which is estimated on the 
basis of those leaders in technical efficiency and /or technological 
progress if they are the most efficient (and /or the fast growing). 
This objective can be achieved provided that a reasonable range of 
inter -firm performances is available. Those firms in a given industry 
which are the most technically progressive or most efficient at present 
may be regarded as indicating the performance for an average firm in 
the near future. The requirements for Qualified Scientific Manpower 
of those leaders in technical advance and efficiency, estimated for 
the present are the best guide to the future requirements for qualified 
Scientific Manpower of an average firm in the near future. The implicit 
assumption is a gradual movement of the backward and less efficient firms 
towards the performance of the leaders in the field imposed by survival 
needs. Those leaders are usually referred to as the best practice 
technique group of firms whose - 
(a) Capital equipment, 
(b) Human intellect, 
(c) Production Technique, 
(d) Fuel, raw materials and components. 
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incorporate the latest know- how.(1) 
This gradual movetnent assumption implies that the shape of the future 
requirements of Qualified Scientific Manpower in a given industry will be 
largely indicated by the present best practice employment of Qualified 
Scientific Manpower adopted by the most technically progressive- efficient 
firms. Thus the industry will be moving from the present norm of 
employing Qualified Scientific Manpower at time t to a new level at 
time t + p. The farmer average level is given by the estimated output 
elasticity with respect to Qualified Scientific Manpower of all firms 
as given by the estimated production function. The future level will 
be estimated by the product of:- 
(a) The most desirable technical coefficient of Qualified 
Scientific Manpower as estimated by output elasticity with 
respect to Qualified Scientific Manpower employed by the 
most technically progressive -efficient group of firms 
and 
(b) The predicted output level at a future date that is 
compatible with the industry's characteristics. 
(1) It follows that the "ideal" path of technological progress is that 
which will result if new technological innovations are always 
adopted by all productive units the instant they are developed. 
In practice, however, due to incalculable factors this does not 
happen, e.g. managerial ability, initiative and drive does vary. 
There is no homogeneity in the capital labour and all other inputs 
used, industrial secrecy and own technological knowledge and 
innovations are not allowed to go easily to competitors ... etc. 
The result is a prevailing state of art and technology. The 
actual Technological Progress must represent in some sense a 
weighted average of the best practice technique and other techniques 
in use, the weights being often suggested to be related to the amount 
of investment in each vintage of capital. The weights should also 
be based on various levels of human intellect. In that case the 
actual Technological progress will be assessed according to the 
notion of technical innovation that is embodied in capital goods 
and in human intellect. 
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The difficulty with achieving this objective in an inter -industry 
analysis is obvious. It may be largely acceptable to assume that firme 
in a given industry tend to follow the steps of the leaders in their 
field. However, it is hardly convincing to argue that backward or 
slow- growth industries tend to follow the steps of the most progressive 
ones. This is mainly because industries vary in their scientific 
orientation and their technological requirements. Also they vary in 
the degree of competition and the average size of the firm, 
Moreover, the less progressive industries may not be able to follow 
the steps of the scientifically oriented ones. They are likely to be 
tied to the technological development of their own industries. This, 
of course, does not exclude the possibility of the spill -over effect 
from the technological development of one industry to another.(1) 
It is to be expected that the greater the intensity of technological 
invention- innovation, scientific orientation, degree of competition, or 
rate of growth, the shorter is the period of adjustment to the most 
desirable level of Qualified Scientific Manpower. 
(ii) The development of a sophisticated method of projecting the 
demand for qualified Scientific Manpower. 
This objective is closely related to the previous one and may be 
(1) Studies relating productivity increases to Research and Development 
may suffer from conceiving of Research and Development as mainly 
directed at cost minimizing. It may be that Research and Development 
is directed at the establishment of temporary monopoly power through 
the introduction of new products. (See E. Gustafson p. l$4). One 
industry's (or firm's) new product is frequently another industry's 
(or firms) cost -reducing improvement. In many industries significant 
improvements come about through the Research and Developments efforts 
of suppliers and customers of the industry rather than through the 
efforts of the industry itself. In the extreme situation where an 
industry's Research and Development effort is mainly spilled over 
other industries, no direct correlation between productivity change 
and Research and Development may be found. 
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confidently applied to an inter -firm study. The main requirement for 
such a development is the constancy of output elasticity with respect 
to Qualified Scientific Manpower. If the constancy hypothesis is 
rejected then the future requirements of Qualified Scientific Manpower 
will not only be dependent on output growth but also on the expected 
tendency of the output elasticity with respect of Qualified Scientific 
Manpower.(1) 
Use must, thus, be made of the concept of the most desirable 
technical coefficient discussed in (i). 
(iii) An investigation into the relationship between size, the employ- 
ment of Qualified Scientific Manpower, the inventive- innovation output 
of Research and Development and the technical progress -efficiency of the 
studied firms. In view of the immense study of this issue in the 
American economy, simile;roffort is required to be undertaken on the 
British economy. Again a comprehensive set of data on firms is nec- 
essary to the application of this study. 
(1) The gap between the leaders and the followers in the employment of 
Qualified Scientific Manpower is mainly due to two reasons; firstly 
a higher density in those fields which are largely regarded as science 
fields; secondly, an initiation of employing scientists and technolo- 
gists by the leaders in what is not yet traditionally regarded as 
science fields as in executive and administrative positions. Following 
the steps of the leaders may establish a trend of employing more and 
more of those with scientific background. If such a trend continues 
a tremendous increase in the demand for scientific manpower is likely 
to result. An indication of such a trend is expected to be shown by 
the most desirable technical coefficient of qualified Scientific Man- 
power. It may be one of the reasons why the constancy assumption may 
have to be rejected. Moreover, the balance between the employment of 
Qualified Scientific Manpower in various functions may change giving yet 
another reason why the constancy assumption may be rejected. This 
change in the balance may occur if what is stated by some firms as the 
long -term demand for Scientific Manpower" becomes an established practice 
They pointed out that future automation of production processes would 
enable them to increase their research effort at the expense of Qualified 
Scientific Manpower now engaged on production. Future automation for 
some firms may be at present already applied by most progressive -efficient 
firms and may as well be reflected in the most desirable technical coef- 
ficients of the Research and Development activities and on- the - shop -floor 
activities. 
44I:.M.S.O. "The Long -Term Demand for Scientific Manpower ", 1961. 
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(iv) Given the supply function of the production resources and the 
demand functions for products, the use of inter -firm data to assess an 
industry's production function provides an answer to a more general 
question, namely what is the optimum combination of input factors for 
that industry at a given time. 
An answer to such a question would provide a valuable managerial 
guide for efficiency and progress decisions. The production function 
coefficients of a given industry indicate the combination adopted by an 
average firm. The use of a best practice production function, i.e. one 
estimated from observations belonging to the most efficient production 
units would make it possible to estimate the optimum combination for an 
average productive unit of the best performance group. 




An attempt to review the previous work relevant to the present study 
could be extended to cover models which deal with such tonics as economic 
growth, technological progress, productivity, theory of production, cost 
analysis theory of capital, learning by doing, education, technological 
innovation, research and development and economics of science, amongst 
others. It is to be noted that the attempt to consider the previous 
work here is no more than a sketchy one. Further elaboration will be 
given in the text of the work where felt necessary. 
In this brief survey the following aspects of the previous work 
will be regarded: - 
A. The treatment of technological progress in growth models' 
technological progress used to be regarded as wholly 
exogenous to the economic system; embodied in newly 
produced capital equipment, or attributable to human 
experience. 
B. Discovering the components of technological progress. 
technological progress in the gross sense is known to 
represent the influence of a set of factors (see below) 
amongst which is technological innovation, which is known 
as technological progress in the narrow sense. The interest 
in uncovering the contents of technological progress in the 
gross sense arises from the need to discover sound means of 
speeding technical advance and economic growth. 
C. Investigating the determinants and the results of 
technological innovation. 
D. Production Functions in Theory and Practice. 
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A. Technological Progress in Growth Models: 
(a) Technological progress regarded as exogenous to the economic system, 
With few exceptions, generations of economists regarded techno- 
logical progress analytically as an exogenous variable. Its precise 
linkage to economic growth was not all that obvious and thus was treated 
as a non -economic phenomenon determined externally. There undoubtedly 
is some exogenous component in technological progress, but there is also 
an endogenous one. However, this fact was recognised long ago, e.g. by 
Smith (1910); Marx (1909); Mill (1868); Marshall (1916), and Hicks (1932). 
More recent evidence indicates that the endogenous component is by and 
large the dominant one (see below). The models which regarded technological 
progress as exogenously determined usually measured it by an exponential 
function of time, Solow (1957). 
(b) Technological progress as embodied formation, 
When attention is tinned to economic growth, many economists found 
it natural to suggest capital formation as its chief cause and the main 
variable internal to those models that would allow output to rise. Thus 
the then novel concept of embodied technological progress found its way 
into growth models. Harrod (1948) advanced that a steady output growth 
may be achieved by (neutral) technological change.(1) A prerequisite 
condition is that technological progress would require additions to 
capital in the form of new investment, 
(1) Neutral technical change is neither labour saving nor 
capital saving, i.e. it leaves unaffected the rate of 
substitution between both labour and capital. 
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These models incorporated technological progress as a function of:- 
(a) accumulated production, Wright (1936) 
(b) time, Solow (1957) 
(c) investment rate, Kaldor (1961) 
(d) rate of change of investment, Kaldor (1962) 
(e) accumulated gross investment, Arrow (1962, III) 
(f) time and investment rate, Eltis (1963) 
Solow (1957), and Eassell (1960) were primarily interested in separ- 
ating the proportions of the total increase in output per man hour that 
is caused by growth in capital stock from the increase brought about by 
technological progress. These studies seem to have turned away from 
capital formation as the main source of growth to technological progress 
as the only important factor under the assumption of neutral technical 
change. Solow's conclusion is that technical change is neutral on the 
average and that there was little basis of choice, according to the data 
he used, among five possible production functions, and that about $7.5 
of the increase in gross product per man hours is attributable to techno- 
logical progress and 12.5% to capital deepening effect. Hassel's findings 
are $4% and 16% respectively. His conclusion is that there is a great 
need to shift the emphasis from the theory of capital to the theory of 
technological progress as an explanation of the growth in aggregate output. 
In another paper Solow (1959), in line with Johansen (1959), indicated 
that since technological progress only occurs when the capital used 
embodies the new technology, capital formation is important to make use 
of new methods. He further implied that increasing investment is nec- 
essary for technical diffusion, adding that the growth rate can be 
increased by increasing investment because this lowers the average age 
of capital goods, thus cutting down the average lag between the develop- 
ment of new methods and their widespread use. 
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(c) Technological progress regarded as embodied in human experience, 
Studies relying on the assumption that all technological knowledge 
is embodied in capital formation are at the other extreme from those 
studies which emphasize human experience as the main cause of technolo- 
gical progress. Niitama (195$) fitted a regression model of production 
for industry in Finland and found that most of the output increase was 
attributable to the passage of time, and little attributable to capital 
formation. He concluded that emphasis should be taken away from capital 
as an aid to economic growth and placed, not in addition to but instead, 
on the human factor. However, Niitama's conclusion had been reached and 
verified long ago by aeronautical engineers. T. P. Wright (1936) studied 
the role of experience in the airframe industry. He found that the 
number of man hours expended in the production of an airframe is a decrea- 
sing function of the total number of air frames of the same type produced. 
This relation has become one of the basic factors in production and cost 
planning techniques. 
This phenomenon was subsequently investigated by others and given 
the names - "learning curve ", "progress ratio ", "horindal effect ", 
Lundberg (1961); "Learning by doing ", Arrow (1962(111)); and "p'r'ogress 
function" Aldan (1963). It is defined as the function which describes 
how average and marginal input requirements are related to accumulated 
output up to some point in the production run. The volume effect is 
rationalized by better organization, learning and experience on the part 
of both labour and management, in short by an improvement in human ability. 
Wright (1936) estimated separate progress functions for each input 
so that several progress functions applied to the overall production of 
airframes. Hirch (1952) found similar evidence for the production of 
other machines. Verdórn (1949) applied the same function to national 
product under the assumption that output is increasing exponentially, 
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i.e. current output is proportional to cumulative output. The latter 
is used to explain labour productivity. 
. °1'6hian (1963) estimated progress 
functions for data on Second World Viar production of airframes. He 
found that rates of progress differed significantly across plants that 
were producing similar makes of fighters and bombers. Lundberg (1961) 
found that the productivity of the Ilorndal Iron Works in Sweden had 
increased on the average by 2% per annum though no new investment had 
been undertaken for a period of fifteen years. Such a striking steady 
increase in performance can only be imputed to the learning effect. 
Empirical studies based on progress functions have mainly dealt 
with the production of heavy durable capital goods where the production 
run of the same type of product continues for some time. Changes in 
product design or description in the flow of output lead to positive 
deviations in the marginal labour requirements above the estimated 
progress function. Although all estimates were statistically significant, 
the fitted progress function as discovered by Alc:ban(1963) were of only 
limited value in predicting future labour requirements. The instability 
and limited reliability of the progress functions suggest that if learn- 
ing is the underlying causal force it does not operate in a smoothly 
predictable manner. 
Arrow advances the hypothesis that technological progress in 
general can be ascribed to experience, i.e. the very activity of pro- 
duction gives rise to problems for which favourable responses are sel- 
ected over time. Cumulative output is not suitable as an index of 
experience since the stimulus to learning would appear to be constant 
for a constant rate of output. Instead he used cumulative gross invest- 
ment because the introduction of each new machine is capable of changing 
the environment in which production takes place, so that learning is 
taking place with continually new stimuli. 
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Nevertheless, Arrow does not seem to be ready to compromise between 
the advocates of human factor origin of technological progress and the 
supporters of capital embodiment of technological progress. He kept an 
extremely restrictive assumption, namely that new capital goods incor- 
porate all the knowledge then available, but once built, their production 
efficiency cannot be altered by subsequent learning. It is the same one 
adopted by Solow (1959), Johansen (1959) and passel (1960) who envisaged 
substitution in the ex -ante sense only. This seems to be the dividing 
line between the two lines of thought. The advocates of the learning 
process affecting the ability of the human factor adopt the other polar 
assumption `..hat alternative capital- labour ratios are possible both 
before and and after capital goods are built. However, both lines of 
thought did not extend their models to take account of the fact that 
learning takes place not only as a by- product of ordinary production but 
also through institutions, education, research and development and other 
forms of scientific effort. 
The present model regards as unsatisfactory and unduly restrictive 
an assumption which regards technological progress as wholly: - 
(a) disembodied or organizational, 
(b) embodied in new capital equipment, or 
(c) attributable to human experience. 
The present model accepts instead that part but only part of 
technological progress or technical efficiency is incorporated in 
newly produced capital. Also education, training and human experi- 
ence are components of technological progress (or technical efficiency). 
The model advances, further, that an appreciable part of that techno- 
logical progress (or technical efficiency) is attributable to scientific 
effort as an input factor influencing current and future production 
activities. 
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B. Discovering the Components of Technological Progress 
In the Gross Sense: 
It is becoming increasingly important to investigate thoroughly 
the constituents of the third factor. It is indicated above (see 
pages . - .4 ) that in the previous work the attempt to break dawn 
the third factor took either one of two lines. The first regarded 
technological progress as an endogenous variable which should be 
explained in terms of non -conventional factors of production. In 
the second line, revising the measurement of conventional input factors 
is resorted to in order to reduce the size of the residual by alloca- 
ting parts of it to the redefined input factors. It is also indica- 
ted that the line adopted by the present study is a mixture of the two 
approaches and a brief introduction to the empirical work is provided. 
Technological progress in the gross sense as defined by Domar 
(1961) is composed of: - 
(a) technological progress in the narrow sense 
(technological innovation); 
(b) economies of scale; 
(c) external economies; 
(d) labour improvements (health, education, skill); 
(e) better management, and 
(f) improved product mix. 
In a pioneering empirical study into the sources of growth in the 
United States for the period 1929 - 1957, Dennison (1962) attributes 
4$% of growth to increases in conventional input factors and breaks 
down the residual 52% into: 23% increased education, 9% economies of 
scale, and thus leaving only 20% to be explained by technological 
progress. 
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Butler (1964) summarizes Dennison's results and similar work to 
show that the United States growth is explained by:- 
J 
Increase in the quantity of labour ... ... 16 
Increase in the quantity of capital .. ... 15 
Increased intensity of work ... ... ... 2 
Efficient use of materials ... ... ... 5 
Better quality capital and other factors ... 9 
Economies of scale . ... ... . s . .. 9 
Better allocation of resources . ... 4 
Better quality of labour . ... ... ... 21 
Increase in the formal education ... ... $ 
Increase in on- the -jop training ... 0410 ll 
100% 
Thus 9% is the residual which could not be allocated to specific 
factors. It includes such factors as the increasing efficiency of 
machinery, improved management techniques and the contribution made by 
research and development and other scientific efforts. 
C. Investigating the Determinants and the Results of 
Technological Innovation. 
One of the contents of technological progress in the gross sense, is 
technological innovation. It has attracted the attention of recent 
investigators in their attempt to determine more precisely what con- 
stitutes technological progress. It is defined as the introduction of 
new and improved processes, designs and products. Technological 
innovation was first advanced by Schmpeter (1936). His main hypo- 
theses are that the position of accumulated monopoly rewards, the 
prospects of additional such rewards in the future, and the security 
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attending market power are prerequisites to undertaking the risks and 
uncertainties of innovational activities. He defined innovation 
broadly enough to include, among others, mergers, new organizations, 
new advertising campaigns, new products, and new processes. Only the 
last two are the direct consequence of scientific effort on the produc- 
tive process. However, his assertion that a business structure con- 
sisting of monopolies will progress more rapidly than a competitive 
society has been vigorously disputed on the grounds that monopolies tend 
to become stagnant and unprogressive, and more importantly that histor- 
ical studies fail to reveal any special tendency for major advances to 
emanate from monopolistic firms. 
The empirical investigation of the case for bigness will be regarded 
first then it will be followed by considering determinants versus results 
of technological innovation, total productivity, growth of firms and 
industries and technological leadership and the speed of diffusion. 
(a) The case for bigness: 
Markham (1962) states that in 1961 an estimated 11,$00 manufactur- 
ing and other companies in the United States performed research and 
development; a smaller number financed research and development out of 
their own funds. 391 companies employing 5,000 and over account for 
only 3% of the total number of companies performing research and develop- 
ment, and for an insignificant 1 /100th of 1% of the number of all industrial 
companies, but they accounted for slightly over 80% of the total company - 
financed research and development. This may be viewed against the finding 
that in 1958 the 478 companies employing 5,000 and over accounted for 29% 
of total industrial employment and 26% of total sales. Companies having 
less than 1,000 employees accounted for 90% of the total number of 
companies and for 66% of total industrial employment, but for only 5% of 
total company- financed research and development.(1) 
Five industry groups containing most of the narrowly defined 
industries making up the "oligopolistic" core of United States industry 
accounted for nearly 75% of all privately financed research and develop- 
ment: chemical and allied products 19%, electrical equipment and 
communications 19%, motor vehicles and other transportation equipment 14%, 
machinery 13% and aircraft and missiles. At the same time there are 
several examples of highly concentrated industries such as tobacco products 
and steel that rank low in research and development. Similarly sane of 
the firms included among the largest 500 corporations spent a relatively 
small percentage of their sales on inventive- innovative activities. 
The statistical results obtained by Hamberg (1964), F. Scherer (1965) 
(I) & (II), Worley 1963, Mansfield (1963(I)), Schmookter (1954) and 
others support the generalization that, at least beyond a certain level 
of size, the ratio of research and development expenditure to some index 
of size does not increase significently with size, and may not increase 
at all. This, however, must be qualified. Scherer (1965 (I)) found 
among the largest 500 corporations that the largest 100 accounted for a 
slightly smaller percentage of total research and development expenditure 
and patents than of total sales. hansfield (1963 (I)) found that the 
largest firms measured in terms of sales in petroleum, drugs and glass 
spent a smaller percentage of their sales on research and development, 
than did "somewhat" smaller firms; that in chemicals the largest firms 
spent relatively more; and that in steel they spent relatively less 
although the computed difference was not statistically significant. 
(1) It is to be noted that it is likely that an appreciable proportion of 
private research and development undertaken by wall firms may be 
described as imitative and competitive and not innovative in the 
Schmpeterian sense. 
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Scherer's (1965 (I)) findings indicate that research and development 
employment inputs increased with size up to 500 million Dollar sales 
size and then tended to decline except in primary metals, while steel 
pulled back into a stage of increasing returns. 
It may be noted that Worley's (1963) and Hamberg's (1964) results, 
because of differences in data and method, conflict with Mansfield's in 
the case of glass, petroleum, and chemicals, though they are reconcil- 
able. Up to a certain size innovational effort increases more than 
proportional to size; at that size, which varies from industry to 
industry, the fitted curve has an inflection point and among the largest 
few firms innovational effort does not generally increase and may 
decline with size. For the three industry group both Hamberg and 
Mansfield fitted curves to all available observations and found research 
and development intensity to be an increasing function of size. 
Mansfield (1963 (I)) confined his analysis to the "very" largest firms. 
It is almost certain that Mansfield's petroleum and glass firms fell to 
the right of the inflection points of the curves fitted to a wider range 
of firm sizes. 
A reconciliation of the findings reached by these studies brings 
out some interesting conclusions. Hamberg's (1964) conclusion is that 
gigantic scale is far from an essential condition for rigorous industrial 
research and development activity and that bigness may instead be a 
stifling factor. Scherer (1965 (II)), though , finding that Hamberg's 
conclusion is based on the "conventional standards" of significance, 
prefers some flexibility of the significance level especially in a 
situation of policy -making concerned with economic growth. Consequently 
he indicated his willingness to accept as "best estimate" that evidence 
which supports firm size, even though it passes the significance test 
only at .10, .20 or .30 levels. 
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Mansfield's (1964 (II)), in addition, found that contrary to the 
popular belief, the invention output per dollar of research and develop- 
ment expenditures seemed to be lower in the largest firms than in large 
and medium firms. His justification was that in part this might be 
due to looser control and greater problems of supervision in a very 
urge organisation. 
Moving to the population of small firms, i.e. those employing less 
than 500, the relationship between research and development employment 
and size, (as measured by total employment) does not show a steady 
consistency. A team at Nebraska University - Campel, McConnell and 
Preston (1964/65) found that the relative intensity of research and 
development seems to be negatively correlated with firm size. On the 
other hand, the frequency of research and development and the absolute 
number of employees engaged on research and developmt vary directly 
with firm size. The obvious conclusion is that while smaller firms 
within the under 500 employees classification are less likely to have 
research and development than larger ones, when they do have such 
programmes they are inclined to devote a larger percentage of their 
resources (as measured by employees on research and development) to 
them than do larger firms. 
In spite of the extensiveness of investigating the relationship 
between size of the firm and its inventive- innovative activity in the 
United States, no similar application is known to have taken place in 
the United Kingdom. Unfortunately, the present study, because of lack 
of micro data, is in no position to undertake similar work for the 
United Kingdom. 
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(b) Determinate versus outcomes of technological innovations 
Productivity increase (Minasian, 1962), output growth (Kendrick 
1961), and rapid growth rates and profitability (Mansfield, 1963 (I)), 
are regarded as the result of research and development expenditures and 
major individual innovations. Yet, it is equally likely that the 
causation may run from these factors to technological innovation. It 
may well be that growing firms and industries, (usually enjoying high 
productivity increase), can intensify their inventive- innovative effort 
which they can finance through production and profit expansion. 
In view of the extremeness of the two lines of causation, it seems 
more likely that inventive -innovative efforts and production (and profit) 
expansion are probably inter- related,(1' (See Chapter ]k 
In the present application, the interest is directed towards 
evaluating the input of scientists and technologists, (i.e. the main 
components of inventive- innovative effort), to industrial production; 
rather than investigating the determinants of their effort. 
(c) Total productivity, 
Minasian's (1962) popular thesis, in line with Terleckyj (195$), 
and Kenndrick (1961) advances the view that firms' research and develop- 
ment efforts are directed towards productivity increases. He proceeded 
to test the hypothesis that the greater the research and development 
experience the greater is the subsequent growth of the firm's (industry's) 
productivity. The sample with which Minasian dealt is 1$ chemical firms 
and 5 drug and pharmaceutical firms. His conclusion is that beyond a 
(1) The evidence built on high positive correlation between innovation 
and growth (and profitability) does not imply, statistically 
speaking, that causation run from : certain direction to another. 
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reasonable doubt, causality runs from research and development to produc- 
tivity and finally profitability, though he does not ignore the monopoly 
power considerations. 
Terleckyj (1963) summarises a pilot study he ran on Manufacturing 
Industries 1899 - 1953 in Colombia University 1960. He found that 
research and development personnel man hours was highly correlated with 
productivity changes. His conclusion is that research and development 
effort is aimed. at expanding the range of technological possibilities, 
helping to ascertain the feasibility of prospective innovation,and 
planning the adoption of new technology. 
Kendrick (1961) found a correlation between rates of change in total 
factor productivity, (meaning rates of change of output per unit of labour 
and capital only) and research and development expenditures. The 
correlation coefficient was 0.62. 
(d) Growth of firms and industries) 
The growth of firms and industries has been a favourable candidate 
to explain one of the fruits enjoyed by successful innovations, 
Mansfield (1963 (1)) compared the growth rates of a list of firms, 
that were first to introduce new processes and products which had emerged 
since the First World War, during the innovation period and before it. 
He found that the pay -off in terms of growth is quite considerable. 
Moreover, the comparison of innovators with other fines of equal size 
showed a marked difference between the two groups. In every time inter- 
val and for both industries, steel and petroleum, the successful innova- 
tors compared with the others enjoyed a rise in their rate of growth between 
4 - 13 per cent, varying from one time interval to another and from 
industry to industry. 
Freeman (1963) compared the performance of British and American 
industries. He found a high correlation between research and development 
expenditures and growth for a large number of industries. The growth 
indices are for the period 1935 - 1958, and research and development 
expenditures for 1958 seems to suggest that causality may run from 
growth to research and development. He concluded that the indirect 
evidence suggested that the pattern of research expenditure by industry 
has not changed greatly since 30 years ago. 
Griliches (1964 (I)) used data on 68 agricultural regions in the 
United States over the years, 7 -949, 1954 and 1959 to estimate an aggregate 
agricultural production function. He introduced explicitly the level of 
public expenditure on agricultural research and development. This 
variable had a significant influence on the level of agricultural output. 
His conclusion is that public expenditure on research and development 
extensions is an important source of aggregate output, and appears to have 
a high social rate of return. 
(e) Technological leadership and the speed of diffusions 
Case studies of individual innovations are an obvious choice as a 
means of investigating the fruits of gaining a technical lead. They are 
also useful in revealing the behaviour of those competitors who are con- 
cerned with imitating the leaders and in assessing the speed of diffusion. 
The contributors are many, among them are Freeman (1963), Mansfield (1962) 
(1963 (I)) (II) (III)) ; Muller (1957; Enos (1962) ; Jewkes (1958) and 
Moddala and lAright (1967). Only the work of the first two will be given 
brief consideration. 
In his comparative study of research and innovations of the plastics 
industry, Freeman (1963) indicated that technological progress (presumably 
in the narrow sense), results in leadership in the production of plastics 
because patents and commercial secrecy together can give the innovator 
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a head start of as much as 10 - 15 years. On a national level, other 
countries may shorten the catching up process if they are in a position 
to purchase the technical know -how or if they are countries in which 
innovators set up subsidiaries. He estimated a period of diffusion 
from the country of origin to other countries extending between 2 or 
3 years for the most technically advanced country to more than 20 years 
for less advanced countries. However, even afterpatents expire, 
accumulated experience will help to keep the innovator in the lead. 
The importance of research and development projects to the plastics 
industry does not stop with the discovery of the raw material. It 
must be followed by intensive effort to :- 
(i) explore new applications 
(ii) achieve modifications 
(iii) improve the quality of the products, and 
(iv) decrease the cost of production. 
Mansfield studied the factors responsible for the speed of response 
of firms to new techniques. The data he used relates to 14 major 
innovations. His findings indicate that the length of time a firm waits 
before using a new technique tends to be inversely related to its size. 
Though it was a common belief that other factors such as profitibility, 
growth rate, liquidity, profit trends, director age, were important, 
their efforts were shown to be in the "wrong" direction and were statis- 
tically non -significant. Time lag is not only involved in the process 
of catching up with technical leaders, but also between inventive- innovative 
effort and the commercial production. Scherer (II) adopted the assump- 
tion of a four years lag between the input of research and development 
personnel and patent application. Minasian's (1962) findings indicated 
a time -lag -.of between 2 and 4 years. Freeman (1963) estimated lag 
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between research and development expenditures and normal commercial 
productions of between 5 and 12 years. 
Micro data is essential for estimating the diffusion process, while 
macro data can be used for investigating the time lag or family of lags 
between inventive -innovativeeffort and industrial product. It is obvious 
that the latter is most relevant for application in the present study. 
This is because current industrial product is regarded as a function not 
only of current input factors, but also of those input factors allocated 
previously in order to improve future technology. The distinction between 
the various activities of scientific effort is based, among other things, 
on the allocation of scientific personnel between either current productive 
activities or in order to gain technological lead (see chapter X). 
D. Production Functions in theor- and ractice. 
The production function in theory is basically a microeconomic concept 
concerned with the alternatives open to the individual decision unit for 
the allocation of production resources. It is well known that in order to 
make the theory applicable some amount of aggregation is indispensable. 
Such an aggregation, however, brings among other things the problem of the 
correspondence between the production function in theory and in practice. 
"... aggregative relationships attract a certain interest of their own if 
only because the preponderant tradition in studies of production function 
has been to concentrate upon sector and whole economy levels ".l) 
The inter -industry production functions have been widely applied more 
than once for many countries. In his survey article, Professor Walters 
(1963) provided a list of the authors who fitted inter- industry 
functions, the countries concerned and the estimates arrived at.(qn 1940 
(1) Hildebrand and Ta -Chung Liu (1965) p.14. 
(2) Walters (1963) p.36. 
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Douglas and Gunn fitted three inter -industry production functions for 
Victoria and another one for New South Wales. The same authors fitted 
in 1941 four inter- industry production functions for Australia. Douglas 
and. Daly fitted four functions for Canada in 1943. Browne, in 1943, 
estimated two inter -industry production functions for South Africa. 
Marschak and Andrews (194J), estimated an inter -industry function for the 
United States of America. One function was estimated by Williams f cr 
New Zealand in 1945. In 1948 Douglas and others fitted five inter- 
industry functions for the United States. Lomax, in 1950, fitted two 
inter -industry production functions for the United Kingdom. Tewari (1954) 
Duth (1955) and Mutri and Sastry, 1957, respectively fitted three inter- 
industry functions for India. 
The tendency to estimate inter- industry production functions has 
continued up to the present. Hildebrand and Ta -Chung Liu (1965) estimated 
an inter -industry production function for the United States industry in 
1957. However, their main study is on inter -state production functins. 
Feldstein (1)67) estimated inter -industry production functions for the 
United Kingdom. All industries in the United Kingdom including manufacturing 
industries were used in his estimation. 
All types of macro and semi -macro production functions are subject to 
the aggregation bias in the conventional sense which results from adding 
up micro units where arithmetic sums and averages are available, instead of 
the theoretically desirable geometric ones, (Klein II, 1946). The present 
study is not an exception in this respect. However, the aggregation bias 
which this study is treating is that resulting from agglomeration of many 
types and qualities of production means and results in one figure. Another 
main source of aggregation bias is caused by ignoring the explicit 
representation of factors influential to productive activities which are 
likely to vary considerably from one industry to another. Because of the 
serious implication of ignoring these sources of bias from statistical 
and policy points of view, their detrimental effect should be reduced as 
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far as possible. For this objective chapters V - XI are devoted. 
In order to become economically meaningful inter -industry production 
functions should satisfy the following properties: - 
1. Labour and capital must be fairly homogeneous across the industries. 
Since such a condition is almost impossible to achieve in practice, as an 
alternative the present study provides a distinction between various structures 
and qualities of labour and capital. 
2. The level of activity must be almost adjusted for the prevailing phase of 
the trade cycle across industries. Since this is a testable hypothesis, it 
is appropriate to correct for the degree of capacity utilization. This is done 
also by the present study. 
3. The technology and efficiency must be very close across industries. A 
satisfactory correction for differences in technology and efficiency would 
mean an elimination of almost all the residual from the estimated production 
function through the explicit introduction of almost all the components of 
technology and efficiency. This is difficult to achieve at the present stage 
of knowledge and data availability. In the present study the residual factor 
is largely reduced by the improvements referred to by (1) and (2) above, in addition 
the input of scientific effort, as representing an important component of 
technical efficiency, is explicitly introduced into the specification of the 
production function. Moreover, the input of management, as a major component 
in technical e`f iciency, is partly represented by the explicit introduction 
of scientific management in the specification of the production function. 
It is a difficult task to attempt a clear cut distinction between the 
present study and the previous work, since the former is a continuation of 
the latter. However, it may not be far from realistic to draw the following 
comparison: - 
1. The present study provides a direct measurement for two layers of vintage 
of capital and a direct comparison between the efficiency of modern and older 
vintages of all fixed assets. Solow (1959), constructed capital series 
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standardized for efficiency and predicted capital requirements. HildebrarA 
and Ta -Chung Liu (1965) were content to use net stock of capital instead of 
gross stock of capital in order to allow for the vintage of capital. 
2. In the present study a distinction is established between plant and 
machinery and other structures of capital. Also a combined distinction for 
the structure and vintage of capital is drawn. Professor Wolfe and Brechling 
(1965) drew a distinction between investment in plant and machinery and in- 
vestment in infra- structure capital. 
3. The present study considers the degree of capacity utilization as 
affecting the technical efficiency of all factors of production rather than 
capital alone. In a cross -section of inter -industry study a correction for 
the level of activity introduced separately in the production function is 
called for by the lack of adjustment to the prevailing phase of the trade cycle. 
The precedence in the previous work calls mainly for correcting the stock of 
capital for the degree of capacity utilization, (see chapter VIII). 
4. The present study advances and investigates the view that the input of 
scientists and technologists in industry should be treated as three separate 
functions viz. research and development, on -the- shop -floor and scientific 
management. As influential components of technology and efficiency, the input 
of scientists and technologists should be introduced explicitly in the 
specification of the production function. Ignoring scientific input is likely 
to result in biasing the estimated technical efficiency and the coefficients 
of the production function. If the scientific management input is accepted 
as partly representing the input of management, the indication here is 
favourable, then not only a proxy of management is suggested by this study but 
also a reduction in the managerial bias is likely to result from the explicit 





In the literature , the input of research and development expenditures then 
personnel(qualified and supporting staff) is widely invistigated . As an input 
factor , research and development expenditures are used by î,Ienasian (1962) , 
Mansfield (1965) and Gril iches(1964) , and Brown and Conrad (1967)1. 
In the past there has not been adequate effort placed upon disaggregation 
of input variables such as scientific input. Indeed there has been relatively 
less effort to include scientific input on- the -shop -floor and scientific 
management in the production function. This is taken care of here. It is , 
however , advanced by Carter and Williams (1959) that a wide base of scientists 
and technologists is vital for the prosperity of research and development effort. 
The ratio of technical and professional to production workers was suggested by 
Hildebrand and Ta -Chung Liu (1965) as a proxy for technology and efficiency 
Hoch (1962), Mundlak (1961) and Massell (1967) used the farm dummy as a proxy 
for management,( see pp.247 -248 ). 
5. The present study provides , among others , an estimation for the net 
stocks of all fixed assets , of plant añd. machinery , and other capital structures . 
for 23 industries in Scotland in 1962. In the previous work Taylor (1967) used 
industrial electricity consumption to arrive at regional estimates for the stock 
of capital, yet gave one figure for Iron and Steel in Scotland , ( see chapter IV). 
1 °Brown, M. and Conrad, A.H. :" The Influence of Rrsearch al& Education on CES 
Production Relations" , in sanference on Research 
in Income and ';'Wealth : Productin Relations NBER 
N. Y. Columbia Press 1967 , pp. 341 -394. 
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DATA IIYIP EMENTATION 
Introduction: 
The need to incorporate this chapter in the analysis arose out of 
the considerations: - 
1. More than one source of information has to be used over a number of 
periods. Thus the problems caused by variations in Standard 
Industrial Classification, sampling units, sampling technique, 
coverage and definition usually puts a strain on the compar- 
ability of the cross -section as well as time - series data; 
2. Some of the data published by source of origin or already 
estimated by other bodies is so limited in its industrial 
breakdown that an effort to disaggregate such data is necessary 
to allow the empirical application of the main ideas of this study. 
3. The discontinuity of such an important type of data as net output 
(the nearest to gross value -added concept), during the years 1959 - 
1962 inclusive shows the need to interpolate Net Output for these 
years. 
4. An attempt was felt necessary to estimate some of the needed, 
though unpublished data. 
Had it been possible to acquire the data needed through a detailed 
questionnaire (as is usually hoped in similar investigations), then 
apart from constructing price indices, almost all other problems and 
means of coping with them, (i.e. the subject matter of this chapter), 
could have been largely avoided, or at least reduced to a minimum. 
Since it is necessary to deal with a number of data sources and a 
period covering 12 years, it is necessary to present in sane detail 
the origin of the problems involved, their implications for the analysis, 
the method followed in minimizing their detrimental effect and the 
assumptions involved. 
Not only does the basis of data collection vary from one source to 
another, but also the same source may be continually changing over time 
the basis on which it is publishing or collecting such data. For 
instance, the sampling unit may be firms, establishments, or individuals, 
the size in terms of employment of the units to be enumerated may vary 
from 11 and over, 25 and aver, to 100 and over, and the industrial break.. 
down may be as detailed as a trade basis or as aggregated as an industrial 
order basis. Even if the basis of data collection remains the same for 
the same source the published details may change. 
Data implementation often requires additional information from the 
same source, the use of supplementary sources, or the resort to statistical 
estimation. Resorting to the original source for additional information 
where this is possible raises the fewest problems. When it was felt that 
the required information might be there, requests were made for it to the 
bodies concerned. In some instances the additional data was given, in 
others it was not. The last resort is to employ statistical techniques 
in the process of data implementation. This was done where no other 
means of constructing suitable data was available, and where it was felt 
that the assumptions adopted were satisfactory or justifiable. 
In this chapter the human factors, i.e. the Qualified Scientific 
Manpower and the numbers in employment will be dealt with first, then the 
measurement of the physical factors, i.e. net output, gross output, 
stocks of all fixed assets, of plant and machinery, and of new buildings 
and vehicles will be considered. 
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HUMAN FACTORS 
A. Qualified Scientific Manpower: 
The triennial ivïanpower surveys of Engineers, Technologists and 
Scientists are the main source of data. The first of these started 
in 1956.(1) This survey and the following two surveys relating to 
1959 and 1962 will be regarded here.(2) 
A number of major changes are made to the data published by the 
triennial surveys in order to preserve the temporal comparability of 
the data on Qualified Scientific Manpower. 
It is important to note that although this study will proceed on 
the basis of cross -section data, the fact that an investigation into 
the existence of a time lag or a distributed lag between the input of 
research and development effort and the growth of industrial product 
indicates the necessity of observing comparability of the data on the 
employment of Qualified Scientific Manpower and in particular, those 
engaged in research and development for 1962, 1959 and 1956 surveys. 
The major changes which took place in the published triennial 
surveys of Qualified Scientific Manpower are: - 
(i) A change from the 1948 to the 1958 Standard Industrial Classification: 
Although the first and the second triennial Scientific Manpower 
surveys were based on 1948 Standard Industrial Classification, only the 
1956 survey needed transformation to the 1958 Standard Industrial Class- 
ification. The 1959 figures were rendered comparable to the 1962 on 
the basis of the 1958 Standard Industrial Classification in the third 
survey report. Thus the availability of 1959 survey data on both 
Standard Industrial Classifications gave the key to transforming the 
1956 data to the 1958 Standard Industrial Classification. 
(1) O.S.I.R. Report, 1956. 
(2) H.] i.S.O.: Comnd. 902, 1959; the Conmd 2146, 1963. 
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(ii) A change in the type of work breakdown: 
A three -way breakdown of work is essential for distinguishing the 
main forms of scientific effort. Research and development personnel and 
on- the - shop -floor Qualified Scientific Manpower are the two main distin- 
guishable types of work. The third which is equally essential is the 
Qualified Scientific Manpower engaged on managerial activities. The 
third division of Qualified Scientific Manpower provided by the first 
three triennial surveys incorporates in addition to managers, all other 
activities and thus distinguishes two of the three main forms of 
scientific effort. 
(iii) A change in the definition of Qualified Scientific Manpower: 
The definition of qualified scientists and technologists changed 
between 1956 and 1959 and between 1959 and 1962. The B.Sc. Technology, 
Higher National Diplomas, Higher National Certificates in fields other 
than Mechanical and Electrical Engineering and membership of three more 
professional institutions were enumerated by the 1959 survey but not by 
the 1956 one. No numerical adjustment is possible because of the lack 
of data. However, it was stated in the 1959 survey that " .... the 
number of persons omitted from the first enquiry on that account was 
small ". The 1962 survey included more qualifications than the 1959 
survey. It is fortunate that a distinction between the newly enumerated 
qualifications and the predecessors is provided by the former survey. 
(iv) A change in the establishments coverage: 
Although those establishments employing 11 - 99 employees were 
excluded from the first triennial survey of Qualified Scientific Manpower 
in Great Britain, the published data in the second and third surveys 
provide data for establishments employing 100 and over employees. 
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Comparability of data on Qualified Scientific Manpower with information 
published by either sources necessitates the availability of the data 
for small establishments. Unfortunately these are not available on an 
industrial breakdown basis for Qualified Scientific lanpower. 
(v) A change in the industrial breakdown which calls for disaggregation: 
To sum up; since the third triennial manpower survey provides an 
industrial breakdown and standard Industrial Classification comparable 
for the number of scientists and technologists employed in 1959 and 1962, 
then only the data provided by the 1956 survey needs to be similarly 
comparable. However, both the 1959 and the 1956 figures need to be 
adjusted in order to allow for the additional qualifications newly 
enumerated in the 1962 survey. 
Since the corrections made for the data of 1956 are numerous they 
will be stated briefly. To arrive at figures of qualified Scientific 
Manpower for 1956 that are made comparable to those for 1962 requires 
the following steps: - 
(a) A disaggregation of employed Qualified Scientific 
Manpower into finer breakdown for some industries 
in 1956. 
(b) A transformation into 1958 Standard Industrial 
Classification which in turn requires: 
(i) disaggregation of the employed Qualified 
Scientific Manpower into finer breakdown for 
some industries in the second triennial 
survey of 1959. 
(ii) increasing the type of work breakdown given by 
the second triennial survey into three activities. 
(iii) using the ratio of the Qualified Scientific 
anpower in each activity on the basis of the 
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195e Standard Industrial Classification for 1959 (as 
given by the 1962 Survey) to the number of .qualified 
Scientific Manpower on the basis of the 1949 Standard 
Industrial Classification of 1959 Survey to transform 
each activity in 1956 into the 195e Standard Industrial 
Classification. 
(c) An adjustment of the 1956 figures on the basis of the 1962 Survey 
in order to take into account the additional qualifications 
enumerated in 1962. 
Table (4.1) provides in the first four columns the data published by 
the 1956 Survey apart from some disaggregation. The middle four columns 
allow a correction for the 1958 Standard Industrial Classification. The 
last four columns allow further for a correction for the cualifications 
newly enumerated by the 1962 survey. 
In view of the fact that the correction for the newly enumerated 
qualifications is the least obvious among the corrections made, it will 
be dealt with in some detail; especially it affects both the first and 
the second manpower triennial surveys. The change in the definition of 
Qualified Scientific Manpower involved enumerating additional qualifica- 
tions in the 1962 survey. Rubber, Plastic and Textile Technologists 
were added to Technologists, and Agriculture Scientists and Pharmacists 
were added to Scientists. It is thus obvious that the addition of 
these qualifications to the Qualified Scientific Manpower enumerated in 
1962 will distort the temporal comparability of scientific effort for 
those industries which are the main employers of the stated qualifications 
while leaving unaffected the comparability of the number of quaJified 
personnel between 1956 and 1959 and between the latter and 1962 in the 
remaining industries. For the sake of consistency of the analysis and 
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in order to avoid the distortion the following attempt is made in order 
to achieve comparability of the number of Qualified Scientific Manpower 
employed for the three years. 
The number of the newly enumerated qualifications as provided in 
the 1962 survey is divided between technologists and scientists. No 
type of work breakdown isprovided for the additional qualification, thus 
a separate correction is introduced for the number of technologists and 
for the number of scientists in each form of activity. For instance 
form (4.1) is used to correct the number of technologists employed in 
research and development activity in 1959 for the newly enumerated tech - 
nologi sts in 1962. 
RT 59 
AT 6 62 ' 
;- 
RT 59 (4.1) 
where HT 
59 
refers to the estimated number of technologists employed on 
research and development at 1959; AT 62 
stands for all technologists 
enumerated at 1962; AT represents the technologists employed in 1962, 
net of the newly enumerated; and RT refers to technologists employed 
on research and development in 1959 and enumerated according to the 1959 
definition. 
The same ratio AT 62 / AT 62 
was used to estimate the number of 
technologists employed on- the -shop -floor and on all other activities 
according to the 1962 definition. 
A similar form was used to estimate the scientists employed in each 
one of three activities. For scientists employed in research and develop- 
ment. 
nS 59 - 
A 
S 62 RS 59 
AS 62 
(442) 
Where the subscript S refers to the employed Scientists and all other 
notations are defined as before. 
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The estimated total number of scientists and technologists in a 
given ::Activity, say research and development, is simply the sum of (4,1) 
and (49g) i.e. 
R 59 RT 59 + RS 59 
(4.3) 
As an example, the estimates of technologists in the cotton industry 
may be used to demonstrate the difference between the numbers enumerated 










1. Enumerated Scientists 495 232 124 851 
2. Enumerated Technologists 145 241 83 469 
3. Estimated Technologists 307 480 168 955 
Enumerated Total (1 + 2) 640 473 207 1,320 
Assessed Total (1 + 3) 802 712 292 .4806 
The two sets of enumerate and assessed figures for all industries are 
inclui ed in Tables (4.1) and (4.2) of the Appendix 
Two assumptions are involved in the above estimates. The first 
assumption is that the additional qualifications are distributed propor- 
tionately on the three types of work. This is unavoidable in view of 
the lack of a breakdown of the newly enumerated qualifications in the 1962 
Survey by type of work. The second assumption is that the situation of 
supply of the newly enumerated qualifications in 1959 is not appreciably 
different from 1962. It seems difficult to introduce further refinement 
on the assessed numbers which may regard the difference in the supply 
especially on an industry level. On a national level the supply situation 
must be taken into account. The ratio of the stock of active graduates 
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(of the newly enumerated qualificatios ), in the earlier year to their 
stock in 1962 may be used as the required factor of correction. 
B. Qualified Scientific Manpower In Scotland: 
Only the numbers employed in research and development are provided 
on a confidential basis and thus are not tabulated here. 
C. Numbers in Employment: 
The Ministry of Labour Gazette , the Digest of Scottish Statistics, 
Statistics on Income ,Prices , Employment and Productivity, and, the 
Annual Abstract of Statistics are the sources of data used to obtain 
figures on total employment , total insured labour , male employees , 
female employees , and unemployment. 
The need to use temporal employment figures in estimating other 
variables called for changing the industrial classification for the 
years 1954 - 1958 inclusive from thé 1948 'ç thb, 1.958 Btaz d.arë .lñddusrial 
Classification. Trades were transferred to the appropriate classification 
and the ratios of 1959 labour on the basis of the 1958 Standard Industrial 
Classification to 1959 labour on the basis of the 1948 Standard 
Industrial Classification were used to correct for part trades . Both 
published and estimated employment figures for Gt. Britain are provided . 
by tables (4,3 )- (4.25) for each regarded industry over the period 1;954- 
1963 inclusive . 
The employment figures for the U Iï and Scotland are provided by 
table (4.28) 
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PHYSICAL FACTORS 
D: Gross Output of the U.K_. 
Problems of available industrial output data: the data which is 
theoretically desirable is in many cases difficult to obtain in practice, 
except perhaps via controlled experiments. For instance, for the measure- 
ment of industrial output, the concept of gross value added is widely 
accepted because it measures the contribution of each industry to the 
domestic product. In order that an industry may generate value -added 
it needs the input of labour which may be subdivided as men and women, 
adults and youths of various skills, scientific and managerial personnel. 
It also needs various forms of fixed and current assets; land and 
buildings, plant and machinery, vehicles, stocks of raw materials and 
finished products, work in progress and cash. Each one of these input 
factors has an ideal theoretical definition, but when it comes to exis- 
ting data various degrees of approximation are involved. 
Gross value -added is usually derived from total or gross output of 
each industry. The latter is the aggregate value of the goods made and 
other work done by the establishments within the industry. It is equal 
to the value of the industry's sales plus any increase (and minus any 
decrease) in the value of its stocks of finished, products, work in pro- 
gress and materials. Output must be measured "free from duplication 
in the sense that the output of establishments sold to other establish- 
ments within the same industry group are excluded. Gross output free 
from duplication is independent of the structure and organization of 
the given industry and of the number of establishments in that industry 
for which returns are made. This definition of gross output does not 
correspond with that given by the Census of Production where the figures 
relate to all sales by establishments, including those to other establish - 
ments in the same industry. Moreover, the figures of gross output for 
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each industry group include not only the value of the principle products 
of the industry group (i.e. the products typical of the industry), but 
also the secondary products and waste proceeds. Gross output is 
usually valued at factor cost. It is equal to the total sales valued 
at sellers' prices plus (or minus) stock appreciation.(1) Gross output 
includes goods made by the business covered by the return, those made 
for it by out - workers or by other firms from materials given out to them 
(sometimes described as goods made on commission) and waste products. 
It also includes any machinery or other items produced for use in the 
business covered by the returns. However, the value of any goods sold 
without being subjected to any manufacturing process (merchanted or 
factored) and canteen takings are as well included for 1963 and 1958 
but not for 1954 - 1957 censuses. 
Changing the sampling unit from establishment up to 1958 to business 
units henceforward brought about among other things a difference between 
the value of stocks at the end of 1958 and the beginning of 1959 and so 
reduced the comparability of gross output figures for the two years. 
Since no adjustment for such a difference is provided by the Census of 
Production, it seems that there are three ways through which differences 
between the estimated value of stocks at the end of 1958 and the beginning 
of 1959 can be brought about. 
These are: - 
(a) The figures for 1959 are wider in scope than the figures for 
(1) The amount received by the seller is distinct from the amount paid by 
the purchaser. The difference represents transport, distribution and 
service charges paid by the purchaser and not included in the seller's 
price. Seller's price is on "ex works" basis, the purchaser's is on 
"delivered" basis. 
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1958 as they include stocks held by separate selling 
organizations and stocks held abroad, both of which are 
generally excluded by firms making returns on an estab- 
lishment basis. 
(b) The twelve months' period covered by firms" returns in 
the Census for 1958 does not in many cases end on 
31st December, whereas the figures derived from the 
monthly and quarterly returns made for 1959 all relate 
to the calendar year. 
(c) The stocks classified to one industry group in 1959 
may have been spread over several industry groups in 
1958. 
Moreover, the change of the sampling unit from establishment to 
firm basis would distort the temporal comparability of gross output 
between the period pre and period post the change. This is because 
the output of an establishment used to be allocated to a given industry 
on the basis of its own principle product is after the change based on 
the principle product of the whole firm instead. 
Apart from the change in the sampling unit and the resulting differ- 
ence in stocks, separate differences between gross output of the rain 
Census years and sample Census years. The differences may arise of two 
main considerations: - 
(a) The proportion covered by the returns is considerably 
different. 
(b) The returns are based on business years for main censuses 
while they are based on the calendar year for sample 
censuses. 
It is on the basis of the above background that the gross output is 
published by the Board of Trade and consequently the net output is dirived. 
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Gross output figures are corrected for the change in the Standard 
Industrial Classification (See Section E below). Up to 1958 the 
figures of gross output used to be provided directly by the Census of 
Production. For the years 1959 - 1963 inclusive, sales and work done 
are corrected for changes in stocks and work in progress in order to 
calculate the figures of gross output which are given by tables 
(4.3 - 4.25) . 
1'. Estimating Net Output for the U.K. 
The net output of an industry represents the value added to materials 
by the process of production and includes for 1958 and 1963 the gross margin 
on any merchanted or factored goods sold. It is understood that there 
is no appreciable duplication in net output. It constitutes the funds 
from which wages, salaries, rents, rates and taxes, advertising and other 
selling expenses, and all other similar charges have to be met, as well 
as depreciation and profits. Net output was obtained by taking the 
total value of sales and work done; adding the value of stocks at the 
end of year, and deducting also the cost of materials and fuel purchased 
(including the value of goods purchased for merchanting and canteen supplies), 
amount paid for work given out to other firms and payment for transport. 
The net amount of duty paid was deducted and the net amount of subsidy 
received added.(1) 
Net output figures are provided by the Board of Trade Census of 
Production on a yearly basis up to 1958. The provisional estimates of 
the main Census of Production 1963 provides one more observation on net 
output.(2) Net Output is regarded as essential from the point of view 
(1) & (2) Board of Trade Journal, 
Dec. 24th 1965, pp. 1516 ff. 
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of the present analysis since it is the closest to the familiar value added 
concept. The former exceeds value added to the extent that it includes 
services bought from other industries. Value added measures among other 
things, the contribution of an industry to the domestic product. Therefore, 
one of the main data manipulation duties was to interpolate net output figures 
for the period 4.959 - 1962 inclusive. Such relevant variables as gross 
output, labour, and time trends were used on their on or combined to form 
a predection function with the highest possible explanatory power for each 
one of the 23 industries. The range of 72 varied from 0.':369 to 0.999. 
Different forms were suitable for different industries. 1) 
However, in order to achieve the above -mentioned interpolation another 
difficulty had to be overcome. The time series used in interpolation goes 
back to 1951 containing a classification of industries according to the 
Standard. Industrial. Classification 1948 up to 7957 for gross output and 
net output and up to 1958 for labour. Thence the classification was 
changed to 1958 Standard Industrial Classification. After transferring 
Minimum List: Headings to the relevant industries according to the 1958 
Standard Industrial Classification a coefficient of correction was obtained 
from the Census of Production and the Ministry of Labour Cazette as follows: - 
The Census of Production 1958 re- estimated net output and gross output for 
1951 on the basis of the 1958 Standard Industrial Classification while the 
information published in the 1954 Census of. Production is based on the 194 
Standard Industrial Classification. Therefore, the ratio of the former to 
the latter was used to estimate net output and gross output for 1955 - 1957 
inclusive on the basis of 1958 Standard Industrial Classification. 
-The Ministry of labour Gazette provides employment figures for-the 
year 1959 on the basis of the two Standard Industrial Classifications. 
(1) See Appendix (4.11). 
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The ratios of employment on the basis of 195$ to 194$ Standard Industrial 
Classification were used to assess the total employment, the male employees 
and the female employees on the basis of 1958 Standard Industrial Class- 
ification for the period 1954 - 195$ inclusive. Published data and the 
results of the interpolation are summarised for each industry over the years 
1954 - 1963 inclusive by tables (4.3) - (4.25) of the Appendix to this Chapter. 
`. Disaggregating the Net Stock of All Fixed Assets of Plant and Machinery 
and of Vehicles and New Buildings for four industrial orders of the U.K. 
The main sources used are: - 
(a) The Board of Trade Census of Production for the years 
194$, 1951 and 1954 - 1965 inclusive. 
(b) Capital, Output and Employment 194$ - 1960. A Program 
for Growth. No. 4. Dept. of Applied EconomXcs,Cambridge 
University. 
(c) The follow up tables of capital provided (airectly by the 
Department of Applied Economics of the University of 
Cambridge. 
(b) and (c) will be referred to below as the Cambridge figures. 
The estimates of the stock of capital as provided by Cambridge falls 
short of the industrial breakdown aimed at by the present study. In 
particular, the Cambridge estimates augment under three groups of industry 
four Industrial Orders. For instance, the Mechanical Engineering, 
Scientific Instruments, Electrical Engineering and Electronics, which are 
treated as four industries here, are augmented under one industry called 
"Engineering and Electrical Goods" by Cambridge. 
Also the Cambridge estimates treat all textile industries as one 
industrial croup. They are disaggregated here into three industries, 
viz. Cotton, Flax, and Manmade Fibres, Wool Textiles, and Other Textiles.' 
Further, two industrial orders, viz. Clothing and Footwear and 
heather and Leather Goods are aup_rrented by Cambridge estimates under one 
industrial group called "Leather, Clothing and Footwear ". They are 
regarded here as two separate industries. 
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Thus it was necessary to disaggregate the net stock of - all fixed 
assets, plant and machinery, new buildings, and svhicles for the pre -mentioned 
three industrial breakdown, into seven industrial breakdown. 
In order to disaggregate the stock of capital and its structures given 
on the basis of broad industrial groups into finer breakdown two methods 
were carried out. Since the assumption involved by each is different, the 
main criteria of preferring one to the other is the performance of the 
disaggregated capital as an input factor in the estimated production function. 
The first method involves the assumption that the ratio of the 
accumulated gross investment over the years 1948, 1951, 1951 - 1965 of a given 
individual industry to the total gross investment of the industrial group 
represents closely the ratio of its stock of capital (or structures) to 
the total stock of capital (or structures) of its industrial group. In 
other words, it is assumed that the relative accumulated gross investment 
over a certain recent period if a sub -industry is representative of the 
past experience of accumulating the relative stock of capital (or structures). 
The limitations of this approach are: - 
1. It does not allow for the fact that the rates of growth (and 
consequently the rates of capital accumulating) of each sub - 
industry is different from other sub -industries within a given 
industrial group. For instance the rates of growth of Electronics 
and Electrical Engineering exceeds the rate of growth of 
Mechanical Engineering and Scientific Instruments. Also the 
Other Textiles is the expanding sub- industry of the Textiles 
group. On the premises that new capital is theoretically and 
empirically the most productive, this assumption may be regarded 
as an indirect way of giving more weight to the quality of capital. 
Fast growing sub- industries in the post -War period would be allocated 
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a proportion of the stock of capital of a given industrial group, 
on the basis of their post -war accumulated gross investment, 
probably greater than the actual proportion. The findings of 
Chapter N indicate that the accumulated gross investment over 
the most recent seven years has the greatest contribution to 
the productive process means that this limitation becomes less 
important, 
2. It means that the Stock of Capital at any time before 1965 is 
affected by the experience of capital accumulation of the future 
as well as that of the recent past. This limitation is only 
defensible on the grounds of considering a period of accumulating 
Gross Investment long enough to summarize the history of capital 
stock in order to be used in disaggregation. 
The second method of disaggregation involved the alternative 
assumption that the experience of the most recent past accumulated gross 
investment of a given sub -industry in relation to the main industry is a 
reasonable approximation of its past experience of capital accumulation in 
relation to the main industry. Thus in disaggregating, e.g. the stock of 
capital for the main industry Engineering and Electrical Goods for 1962, 
the ratio of the accumulated gross investment for the sub -industry 
Mechanical Engineering over the years 194$, 1951 and 1951 - 1962 inclusive 
to the accumulated gross investment for the main industry over the same 
years, was used in estimating the stock of capital for the sub -industry 
for 1962. 
This method of disaggregation avoids the limitation of relying 
upon future experience of gross investment accumulation. However, it 
is still subject to the first limitation and the concomitant qualification 
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raised with respect to the first method. Since the estimates 
of the stock of capital which are disaggregated on the basis 
of the second method proved superior to the alternative 
estimates in the estimated production function, a decision 
was reached to prefer and, consequently, to use the estimates 
based on the second method. 
The same technique was followed in disaggregating the 
stock of plant and machinery, the stock of buildings, and the 
stock of vehicles. 
The estimates of the disaggregated stock of capital, and 
various structures over the years 1954 -1963 inclusive are 
provided by tables 4.8 - 4.11 and 4.17 - 4.21 inclusive. 
G. The Estimation of Gross Output and Net Output for 
Scottish Manufacturing Industries for 1962: 
Apart from the main census years, there is no published 
data on gross output and net output for Scottish Manufacturing 
industries. Since both variables are needed as a measure- 
ment of industrial output, an attempt was made to arrive at 
these estimates. 
The following sources were used: 
(a) The 1958 Census of Production Summary Tables for 
Scottish Manufacturing Industries; 
(b) The Digest of Scottish Statistics and, in particular, 
the following tables - 
(i) the Index of Industrial Production 
(ii) Petroleum Refining 
(iii) Insured employees; Analysis by Industry 
(iv) Unemployment 
(c) Statistics on Income, Prices, Employment and 
Productivity; 
(d) The Annual Abstract of Statistics. 
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Derivation of gross output and net output figures for 
Scottish manufacturing industries could have been simply 
achieved by accepting the ratio of Scottish output to the 
United Kingdom output in 1958 as valid in 1962. The 
prohibitive limitations of that assumption are that it implies 
that the growth experience and hence the structural changes, 
have been the same for Scottish manufacturing industries and 
British manufacturing industries over the period 1958 -1962. 
The ratio of employment for Scottish manufacturing 
industries to British manufacturing industries was not good 
either in arriving at gross and net output estimates because 
it involves the assumption that the labour productivity is the 
same for both sectors of manufacturing industries. In other 
words, such an assumption cannot be adopted in an inter- 
regional comparison, since it has to be one of the testable 
assumptions. 
The alternative technique which is followed by the present 
study as being reasonable, involves the major assumption that 
changes of gross output and net output of Scottish manufacturing 
industries followed closely the movements of their physical 
counterpart, namely the Index of Industrial Production between 
1958 and 1962. 
Estimating net output and gross output for each one of 
the industrial orders involves first transforming the Inde% of 
Industrial Production for 1962 from 1954 = 100 to 1958 = 100 
and, secondly, multiplying the 1958 gross output and net output 
by the estimated index for 1962. In other words gross and net 
output are estimated at 1958 prices. 
The disaggregation of some of the above estimates of main 
industries to a finer industrial breakdown is necessary in order 
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to achieve an industrial breakdown similar to that of British 
manufacturing industries. Two types of disaggregation was 
undertaken. The first type involved a limited number of 
sub - industries provided together with other sub -industries 
in the summary tables of the 1958 census of production for 
Scottish Manufacturing industries. In the second type of 
disaggregation 14 sub - industries are included in five 
industrial orders. 
The two types of disaggregation and a step by step 
discrib -tion is provided by appendixhl to this chapter. 
H. Estimating the Stock of Capital for Scottish Manufacturing 
Industries: 
It is generally agreed that data on capital stock is so 
scarce and difficult to compile especially on a fine 
industrial breakdown for the whole of the United Kingdom 
(see e.g. Nicholson 1966). The situation is even more 
difficult with respect to regional estimates. In an attempt 
to arrive at a regional estimate for the stock of plant and 
machinery on the basis of industrial electricity consumption, 
Taylor 1967, derived his estimates for five industry groups 
only, viz. Food, Drink and Tobacco, Chemicals, Allied 
Indus tries, Iron and Steel, Engineering and Other Metals, 
Paper, Printing and Publishing. 
(1) 
Even though 
as far as Scottish Manufacturing industries 
(1) Taylor, 1967 summarises the logic of using industrial 
electricity consumption in estimating the stock of 
plant and machinery in "Industrial electricity con- 
sumption is complementary to the use of capital 
equipment because it is an important fuel input. 
Practically all mechanical power is now driven from 
electricity either supplied through the national 
grid system or generated privately on the firm's on 
premises .... The only significant area where 
electricity is used in large amounts for heat rather 
than for power is in the Steel Industry ..." p. 291. 
concerned only one figure was given as an estimation of the stock of 
plant and machinery in Iron and Steel; thus indicating the insufficiency 
of the data on industrial electricity consumption for filling the gap in 
regional data. 
The attempt by the present study to estimate the stock of all fixed 
assets, the stock of plant and machinery, and the stock of other infra- 
structures must be viewed in the light of the lack of published data on . 
the stock and the formation of capital. In_ spite of the attempts made 
to refine the method of estimation, the estimates arrived at must be 
regarded with caution. Although there is no direct way of telling whether 
or not they approximate closely to the actual stock of capital, the 
indirect method of judging the appropriateness of these estimates on the 
merits of their performance in the estimated production function is 
encouraging. Nevertheless, the fact that these are estimates and 
not original data must always be borne in mind in interpreting the 
obtained results. 
Although more than one technique of estimation was considered only 
the one finally used will be described. The only relevant data which is 
published and possesses comparability for British and Scottish manufacturing 
industries is provided by the 1958 Census of production. It provides net 
output, the closest measure to value added, the wage bill, and profits. 
This data was used to arrive at estimates of the net stock of all fixed assets, 
plant and machinery, and other types of capital for Scotland as follows: - 
Firstly: An intermediate production function was estimated for each of 
the British and Scottish manufacturing industries for 1958. The hypo- 
thetical nature of the intermediate production function is stressed since 
it is not meant to be a representative one but just a means of arriving at 
the Scottish manufacturing industries capital figures in 1962. 
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If it is assumed that the production function of each one of the 
British and Scottish manufacturing industries is linear and homogeneous, 
then for the ith British industry it takes the form - 
NOBï -oc LBi 
+ KAB. 
while for the counterpart industry in Scotland, it is 




where NO, L and K stands for net output, labour and capital, the subscripts 
o.. (4.4) 
... (40-) 
B and S refer to British and Scottish manufacturing industries. The subscript 
A refers to all fixed assets. The homogeneity assumption implies that 
+p -1. 
Using the 1958 data for both British and Scottish manufacturing 
industries, each may be estimated as the labour share in the value added or 
NOi 





Secondly, assuming that the estimates of the 0 's and ,Bts remain 
constant for 1962, and using in addition the labour and net output figures 













and Ksi refer to the intermediate estimate 
of the stock of 
capital in the in the British and Scottish manufacturing 
industries respectively. Referring further to the Cambridge estimates 
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of the stock of capital for British manufacturing industries as KABi, then 
estimates of the stock of capital for the in Scotland as 
derived from the Cambridge estimate on the basis of the ratios of hypo- 
thetical estimates is:- 
KASi 
= KASi KABi 
KABi 
O O (40e) 
Thus, the intermediate estimates of capital were used just to provide 
a factor of proportionality to arrive at estimates of the net stock of all 
fixed assets for each manufacturing industry in Scotland. 
As far as the estimation of the stocks of plant and machinery for 
Scottish manufacturing industries is concerned assimilar technique was 
followed. The stocks of all other types of assets were simply the 
difference between the stocks of all fixed assets and the stock of plant 
and machinery, 
Table (4.32) gives the estimates of oc- i's, Bi's, the ratios 
KASi/KABi, the stock of all fixed assets, of plant and machinery and of 




Tables (4.1) and (4.2) provide mainly the number of qualified 
scientists and technologists employed in G.B. distributed by industry 
and type of work in 1956, 1959, and 1962. The last column of the 
two tables gives expenditures on research and development at current 
prices £xn. in 195556 and 1961/62 respectively. 
Tables (4.3)- (4.25) give for each one of the regarded 23 manu- 
facturing industries over the period 1954-1963 the following published 
and estimated data: - 
i) in the first three columns the total number "in thousand" of 
total employees, males and females in G.B. are provided. Employment 
data for the U.K. is given in Table (4.28) . 
ii) the fourth and fifth columns give the published and estimated 
current "£m's" gross and net output in the U.K. 
iii) the columns 6 -9 give mainly the Cambridge estimates of the net 
stocks of all fixed assets, plant and machinery, buildings, and 
vehicles in "£m./s" at 1954 prices. Four Industrial Orders were 
treated as three industries by Cambridge estimates. These are dis - 
aggregated by the present study into nine industries (see section F). 
iv) the columns 10 -13 give net capital formation by type of asset 
at current "£.m.'s ". 
v) the columns ltd and 15 give gross capital formation at current 
"á.271.'s" for plant and machinery, and vehicles over the period 1956- 
1962 which are used in estimating modern stocks of capital. Published 
data does not distinguish between gross and net formation of 
buildings. The price indeces used in deflating capital formation 
are provided by Table (4.29). 
It is important to regard that the estimated modern stock of 
capital is the sum of three separate estimates of the modern stocks 
of plant and machinery, building, and vehicles. The assumed life 
span of industrial buildings is 50 years and the assumed 
-73- 
life span for vehicles is seven years fir all regarded industries. The assumed lite 
span for plant and machinery varies amongst industries. The assumed life span for 
each regarded industry is given by Table (4.27) which gives also the estimates 
of modern and older stocks of all assets , plant and machinery , and other capital 
structures as stipulated by chpters VI and VII. 
-74- 
(Table (4.1) 
OCCTiPI;.T.I_CN?4L DISTRï:BLi'.LION OF SCWNTIFIC AN 'TECHNICAL MAIPOWER IN 
INDUSTRY 
Food, Drink and Tobacco 
Mineral Oil Ref. 
Other Chemical Industries 










Other I:b tal Goods 




leather, Leather Goods 14 
Clothing & Footwear 11 
Bricks, Pottery, Glass,Cemen, 246 
Timber, Furniture 39 
Paper, Printing & Publishing 300 
Other Manufacturing Industries 516 
Numbers enumerated according to 1956 















































































TOTAL: 2172,4 ;:229.80 4115 48819 
-75- 
BRITISH 1,NTIF..:;CTURING IMUSTRTR.S., for 1956. (1948 & 1958 S.I.C.) 
Numbers Estimated :1956 Definil- NuLibers estimated : 1962 definition 




396 1143 85 1624 452 
461 71') 123 13 03 462 
3915 3742 615 8272 3960 
482 1415 108 20j5 484 
419 71.8 141 1278 422 
1860 4M) 77. 7;-:() 1871 
464 270 119 844 465 
2413 2527 1034 5974 2420 
3168 976 505 4649 
..,., 
69 604 88 
.... 
'761 u9 
536 o9 117 1622 541 
4noi 960 46 5013 4202 
10 147 34 191 10 
4.7) 16.6o 341 
555 417 59 131 695 
32 '(4 14 120 
186 687 12 215 ?54 
14 81 1 96 14 
11 26 13 , J- 16 
1')2 5.1 24 723 193 
27 (7 96 :30 
213 3;6 14 573 212 
441 52,:) f.:,7 .1»48 
........._ 
20193 2774 4';.:1 4.7003 ..-::r)1.4. 
Total, 





























































































OCCUPATIONAL DISTRIBUTION OF SCIENTIFIC AND TECHNICAL MANPOWER 
INDUSTRY 
159 a ç D159 -' M159 Total 
Food, Drink and Tobacco 655 1218 286 2159 
Mineral Oil fief. 677 997 284 1958 
Other Chemical Industries 5662 5040 1325 12027 
Iron and Steel 639 1465 438 2542 
Non- Ferous Metals 419 852 312 1583 
Mechanical Engineering 2463 5606 2732 10801 
Scientific Instruments 978 564 256 1798 
Electrical Engineering 2625 2505 1425 6555 
lectronics 3446 968 696 5110 
Shipbuilding & ` ari_ne Eng. 246 608 366 1220 
Motor Vehicles 491 1115 269 1875 
Aircraft 3869 2522 477 6868 
Other Vehicles 69 146 65 280 
Other Metal Goods 293 881 330 1504 
Cotton, Flax and Man-made 640 473 207 1323 
Wool Textiles 18 91 27 136 
Other Textiles 260 341 185 786 
Leather, Leather Goods 20 40 18 78 
Clothing & Footwear 16 34. 16 66 
Bricks, Pottery, Glass, C, ment 268 548 195 117.1 
Timber, Furniture 19 63 11 93 
Paper, Frintll.g & Publishing 144 334 91 569 
Other Manu actu:'ing industries 652 529 223 1404 
TOTAL: 24669 26940 102.34 61843 
ïf & D. (t) aosc::rch and D.v <;lop lent (i = 1 and 2), 
F. (t) On the shop Floor ( ì.s. x.nuf;.ctu-:c, Proi;: ction .iper;:.tion. 
Z m ain-tcn..nee, I let:::llation, and Design £ r :'hnuf:,cture. 
(t) d1 other work (including ;:'km.ge:. ut, Sales, etc. 
-77- 
I.:: BLITISH :1L.:!UCTlJ:i.ïidG I;TJIa TRILS (1958 à.I.C. ). Table (4.2 




849 1274 357 2480 981 1332 412 2775 7.1 
678 993 284 1960 763 940 216 1919 6.0 
5728 5293 2395 13516 6111 6636 2437 15725 39.7 
641 1469 439 2579 938 2135 298 3771 5.5 
422 859 315 1596 625 897 387 1877 4.5 
2476 5636 2747 10859 2736 6493 3205 12434 24.9 
980 566 257 1833 1103 423 318 1849 9.2 
2633 2513 1429 6575 3676 3726 2221 9623 36,2 
3449 967 697 5113 4635 1759 1040 7484 49.9 
246 608 366 1220 247 737 442 1426 1.8 
491 1125 272 188 536 1117 292 1935 22.8 
3889 2535 481 6904 4345 2336 9113 7615 14006 
69 147 65 281 1)3 295 87 490 0.7 
296 889 333 1;18 6:).) 1024 392 2016 7.0 
812 712 392 1936 818 787 457 2062 5.6 
70 288 241 599 i,ii 183 149 376 0.4 
355 588 323 1266 295 554 270 1109 2.0 
20 40 18 73 14 111 11 136 0.2 
29 59 16 94 28 74 29 131 0.6 
269 550 196 1315 6"3 677 367 1727 4.3 
21 71 12 104 47 96 23 166 100 
150 349 95 594 464 594 213 1271 2.1 
749 692 254 1695 775 772 129 1876 6.1 
25312 28228 12423 65093 33647 33746 15400 79793 364.2 
Subscript 1 represents number of scientists and Technologists enumerated by 
the 1959 survey according to 1956:definition amended at 1959 and rebased on 
1958 S.I.C. by table (8) Pages 42 .nd 43 of the third trier vial survey 
command 2146, 1963). , 
Subscript 2 gives the number of scientists & Technologists assessed by this 
study for 1959 according to 1962 definition, i.e. allowing for qualification 
but not enumerated, i.e. Agriculture. Scientists, Pharmacy Graduates & 
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table (4.20 The Production functions and the value 
Industry Constant Gross Output 
Term. Coef. Actual in 
1962 




Iron & Steel 














Scientific Inst. 3.802 0'6524 238'7 
(0.2980) 










Ship Build. & 36.189 0.2507 412.2 
Marin. Eng. (0.0307) 
Motor Vehicles 35'717 0.3607 1482.0 
0.0154) 
Aircraft -116.01 
Other Metal Goods 36.6 
Cotton, Flax, etc. -9.78 0'3096 596.7 
(0'0551) 
Wool 98'5 
Other Textiles -116.6 0.5857 839.8 
(0.0090) 
Leather 1.087 0.283 
(0'078) 
Clothing --98.1 0.5228 585'6 
(0'1282) 






Paper, Printing etc.-153.4 0.6128 1534.6 
Other Manu. Ind. -67.4 0.5542 708.1 
(0.0410) 
*These are the predicted net output for Electric Eng. and 
Electronics as obtained from their individual functions 
separately. However, both values are adjusted to the value 
of net output obtained for the total. 
-102- 
predicted for Net Output of the U.K. industries in 1962. 
Labour Form. 
of Plant Time Pvvjected 
Ti and machinery 1962 -9 net out- 
Co of . Actual Co of Actual 





68.6 1166.9 0.968 
(5'6) 
62.6 0.369 
51.40 896.8 0.993 
(1'88) 
463.2 23.010 640.4 0.983 
(1'346) 
4.4685 171.4 0.981 
(0.6339) 












34'89 548'0* 0'979 
(2'29) 
595'4 
25'43 343'8* O'951 
(2.569) 
373'6 




1237o 323'3 0.986 
(0683) 
36'925 560.8 0.992 
(9.036) 
4.8956 219.o o-876 
(1'2565) 

























The estimated functions . of net output of Other Vehicles were 
not statistically satisfactory. As an alternative the average 
of the two ratios of net output to gross output of the two 
years 1958 and 1963 was multiplied by the gross output of 
1962 in order to approximate the net output of 1962. 
AzSESSï "ENT OF MODERN AND OLD VINTAGE OF CAPITAL (1954Prioes. ) 
Assumed 
life of 




r'ood,Drink & Tobacco 
Mineral Oil Ref. 
Other Chemical Industries 
iron and Steel 









Other Metal Goods 
Cotton, Flux and Man -made 
Wool Textiles 
Other Textiles 
Leather, Leather Goods 
Clothing & Footwear 
Bricks, Pottery, Glass, Cement 
Timber,F`urniture 
Paper, printing & Publishing 






















































207 .8 - 
.. 
Ll t¡ "' .7 































rj 1 ,í.3., 7 








































Key to Abbreviations : K, and KA : Mod ern and raid stocks of all fixed 
.ssets. 
K : Modern and old stocks of Plant and 
pr Machinery. 
: Stocks of all fixed assets excluding 




K. , -- pn 
Table (4.27 ) 
-104- 




Insured Employed Insured 
Total Males Total Males Females Total 
415.7 36003 842.0 857.0 52.44 4.75 96019 9900 
26.0 5.4 31.4 32.0 2.20 0.30 2.50 2.6 
347.5 138.8 4ß6.3 49200 24.42 7.95 32.37 33.4 
40507 45.8 4515 46600 40.75 4.16 44.91 46.4 
11002 2609 13701 139.0 6.45 1.44 7.89 801 
985.3 21209 1198.2 1211.0 104.01 18.79 22.80 12503 
95.1 55.7 15008 152.0 5010 5.69 10.79 11.0 
33000 16506 495.4 50000 12006 7.97 20003 20.6 
18804 143.9 332.3 33600 7.32 3047 12.55 12.8 
23707 1207 250.4 26400 55.43 3.33 58076 62.2 
36707 57.4 42501 43000 7083 0.97 809 9.1 
248.7 43.1 291.8 294.0 12.35 2.09 14.57 14.8 
146.1 1800 164.1 166.0 13.76 0.68 14.44 14.7 
361.0 19001 151.1 561.0 19005 6.60 25.65 26.6 
14309 167.0 310.9 325.0 9.45 15.15 23.45 2405 
88.8 100.4 18902 19300 7.80 11.66 19046 20.0 
153.9 187.2 341.1 347.0 20.74 36.94 57.68 59.3 
3604 26.4 62.8 64.0 2.43 1.73 4.16 4.3 
158.6 427.3 585.9 295.0 4.48 25.35 30.83 31.6 
269.1 82.1 351.2 375.0 19.49 2.97 22.46 23.4 
229,7 58.5 288.2 294.0 19.49 4046 23.95 24.7 
407.9 219.4 627.3 632.0 35.20 22.91 58.11 58.9 
185.8 121.0 306.8 312.0 12.83 5.09 17.92 18.6 
11 
Assessing a prie index for all fixed Assets. 
Trie Individual. price indexes fer various categories of capital as 
estimated by Cambridge (Program for Growth IV) were used as a basis of 
assessing a price index for all fixed assets. The capital formation of 
the three structures of capital; new building work, Plant and Machinery, 
and Vehicles in the base year 1954 were used as the relevant weights. 
The assessed price index and the individual price indexes are given below:- 









1948 77.8 80.0 77.7 70.0 
51 88.5 90.4 86.8 1)0.0 
1954 100.0 1` 0.0 100.0 100.0 
55 104.7 106.4 104.6 100.0 
56 110.9 110.9 111.4 105.2 
57 115.9 115.4 116.3 110.9 
58 119.4 119.2 120.1 112.0 
59 119.0 117.3 120.8 105.8 
60 120.6 117.1 123.1 104.8 
61 123.4 116.7 126.6 105.7 
62 126.3 124.3 128.7 107.0 
63 128.7 128.9 131.1 101.2 
64 131.6 132.1 134.1 101.8 




Derivation of gross and net output for 23 industries in 
Scotland in 1962. 
(a) Industrial disaggregation in 1958. 
Data on four sub -industries in Scotland are not 
directly available in the 1958 Census of production and 
this disaggregation is necessary in order to achieve an 
industrial breakdown similar to the British sector. These 
are: 
1. Mineral Oil Refining 
2. Other Chemicals 
3. Aircraft 
i_. Other Vehicles. 
Gross output, net output, and age bill data on 
Mineral Oil Refining in Scotland is included, in the 1958 
Census of production, with the data given for a number of 
sub - industries of Chemicals and Allied Industries. The 
Minimum List Headings of this sub -group are 262, 271 (1), 
271 (3) part, 272 (2), 273 and 276. 
For the purpose of estimating the output of Mineral 
Oil Refining, statistics on throughput oils for refining in 
the U.K. and in Scotland are used. Table 173 (on page 147 
of the Annual Abstract of Statistics Vol. 102, 1965) gives 
the U.K. figures and Table 11 (on page 9 of Vol. 22, Oct. 
1963 of the Digest of Scottish Statistics) provides the 
corresponding figures for Scotland. Thus the ratio of 
throughput oil for Scotland to throughput oil for the U.K. 
is multiplied by the values of gross output and net output 
for the U.K. in order to estimate the gross and net output 
-107- 
of mineral oil refining in Scotland as 
TP 
GO =TPS x G0113. = 32933 x 383 
MS 
= £ 26.5 m 
and the net output is estimated by 




32933 x 35'1 B 
= £24m 
where GOMS, NOMS, TPS, TPB, GO and NOME refer to the 
estimated gross and net output of mineral Oil Refining in 
Scotland in 1958, the throughput of oil in Scotland and the 
U.K., gross and net output of Mineral Oil Refining in the 
U.K. in 1958. 
Since the gross and net output for Chemicals and 
Allied Industries in Scotland in 1958 are £1703 m and £508 m it 
follows that the gross and net output for Other Chemicals 
in 1958 are £143'7 7 m and 2,48'4 m respectively. 
Since the value of net output and wage bill of the 
group of industries including Mineral Oil Refining are £20.8 m 
and £10.9 m respectively, and assuming that the ratio of wage 
bill to net output in Mineral Oil Refining is equal to the 
corresponding ratio of the larger group, then the wage bill 
for Mineral Oil Refining is estimated in 1958 as 
x 10'9 = £1.3 m. 20 
It follows that the wage bill for Other Chemicals in 
1958 is £19.1 m. 
Aircraft manufacturing and repairing, Locomotives 
and railway track equipment, and perambulators, hand -trucks 
are included together in the 1958 Census of production. In 
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order to separate the aircraft from the rest of other 
vehicles, there seems to be no relevant information save 
the labour fitures in the Digest of Scottish Statitics. 
Labour figures are given for insured labour only. One 
figure, however, is available for unemployment for the 
whole vehicles order which includes for 1958 unemployment 
of Motor repairs and garages which is excluded from Vehicles 
in the 1958 Standard Industrial Classification. 
Rates of unemployment of the sub - industries in the 
national statistics were applied to the Scottish sub- 
industries. The former are derived from insured labour and 
"numbers registered as unemployment analysis by industry" 
published in the Annual Abstract of Statistics. Unemployment 
relating to Motor repair and garages is excluded from the 
total unemployment of vehicles in 1958 viz 1140. The 
remainder 600 were distributed as follows: 130 Motor Vehicles 
and cycles, 330 Aircraft and 140 other vehicles. The 
estimated employment figures are 6570, 16900 and 19000 
respectively. 
It is unavoidable to assume that the productivity of 
labour is the same for Aircraft and all Other Vehicles. The 
employment figure 2L1800 which is given by the Census of 
production for three minimum list headings which includes 
Aircraft are divided between Aircraft and the rest of other 
vehicles according to the corresponding figures of employment 
given by the Digest of Scottish Statistics and adjusted for 
unemployment. 






and the corresponding employment for the rest of Other 
Vehicles is 
248 - 16.0 = 8.8 
The ratio of employment in Aircraft just arrived at to total 
employment of the two sub -industries can be used to divide 
the gross and net output between Aircraft and the rest of Other 
Vehicles viz the gross output of Aircraft in 1958 is estimated as 
)12.1 x 
24.8 = £27.2 m 
and the net output will be 
23.4 x = £15.1 m 
the corresponding figures for the rest of Other Vehicles 
are £14.9 m and £8.3 m respectively. Therefore the estimated 
gross and net output for all Other Vehicles (i.e., MLH 384, 
385 and 389) are £31.9 m and £13.9 m and the employment 
figure 15.9. 
Moreover the estimated wage bill for Aircraft in 1958 
is estimated as 
2 T$ x 15.8 = £10.2 m 
It follows that the wage bill for all other vehicles is 
4.3 + 5.6 = £10.9 m 
(b) Industrial disaggregation in 1962. 
The estimation of gross and net output for Scottish 
manufacturing industries in 1962 is based on the gross and 
net output figures published by the summary Tables of the 
1958 Census of production and the Index of Industrial production 
published by the Digest of Scottish Statistics. Since the 
latter provides data on 14 industrial orders while the required 
industrial breakdown is 23, disaggregation meant that other 
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elevant data has to be used. The labour data, as published 
by the Digest of Scottish Statistics and Statistics on Income, 
Prices, Employment and Productivity, was useful as a single 
basis of disaggregation. Especially because other available 
physical and value data are insufficient to provide the single 
basis needed. 
However, in using employment data the restrictive 
assumption that productivity of labour is the same for all sub- 
industries within an industrial order is avoided in disaggre- 
gation. Differences in labour productivity amongst the sub- 
industries are regarded through using the productivity of the 
base year 1958 as a basis of estimating intermediate outputs 
for 1962. The ratio of the intermediate output of a given 
sub - industry to the total intermediate output of all sub- 
industries in an industrial order is used in disaggregating 
the extrapolated output for the industrial order in 1962. 
For instance the intermediate gross output of the 
.th 
sub - industry in 1962 is estimated as 
GOi62 = Go 58/L 58'L162 
where GOi62, GOi58, Li refer to the intermediate output in 
1962, the gross output in 1958, and the labour in the two 
th 
years for the i sulk- industry. 
The ratios of GOi62 to the sum of intermediate gross 
output of all the component industries of an industrial order 
is this multiplied by the extrapolated gross output of the 
industrial order to estimate the gross output of the ith 
sub - industry in 1962. 
Table (4.30) provides the main data used and describes 
the steps taken in deriving the estimates of gross and net out- 
put for Scottish Manufacturing Industries in 1962. 
Table (4.30) The Derivation of gross and net output for Scottish Manufacturing Industries in 1962. 
Industry Index of Industrial 
Production 
in 1958 in 1962 
1954 = 1954 = 1958 = 
l00 100 100 
2/1.100 



















Percen- Estimated Estimated 
tage of gross out -net out - 
sub -ind- put of put of 
ustry to sub -ind- sub -ind- 
industry ustries ustries 
order 11.5 6/4°12 
intermed- 
iate out - 
put (11) (12) (13) 
Food, Drink & Tobacco 108 121 112 468 525 °1 110.0 123.2 
Chemical 8c Allied 
Industries 122 148 121.3 170.3 206°6 508 61°6 
Mineral Oil 26°2 2.4 3.3 2.6 20.64 13.18 27.2 2.5 
Other Chemicals 143.7 48.4 35.3 33.4 135'96 86.82 179°4 59.1 
Metal Industries 90 91 101.1 220°4 222°8 65°8 66°0 
Iron and Steel 189°4 58°1 54'3 46.4 127.66 77.04 171°6 52.6 
Non- Ferous Metals 31'0 7.7 6 °6 8°1 38.05 22.96 51.2 13.4 
Engineering and 
Electrical Goods 110 128 116°4 278.8 325.8 140.9 164.0 
Mechanical Engin. 218°3 110.6 119.8 125'3 228.1 73.83 240.9 121.0 
Scientific Inst. 12 °6 7.5 10.0 11°0 13 °86 4°49 21.0 12.3 
Electric Eng. 38'8 17.2 17.2 20.6 46°47 15'4 39°4 17'4 Electronics 10.1 5.6 6 °3 12 °8 20.52 6.64 24.5 13.3 
Ship Build. 8c 
Main Eng. 100 82 82 133'3 109.3 52°3 V°9 
Vehicles 90 113 125.6 69°5 87.5 33'0 40°5 
Motor Vehicles 10°4 4'0 6.7 9.1 14'13 22.9 20°1 7.7 
Aircraft 27.2 15.1 17.2 14.8 23.41 38.09 33°2 18.2 
Other Vehicles 31.9 13.9 19.6 14.7 23.93 38.92 34.0 14.6 
Other Metal Goods 104 105 101 52'8 53'3 22.9 23°1 
Textiles 91 96 105'5 186.4 196.7 64.9 685 
Cotton, Flax, etc. 41.8 16.0 24.5 24°5 41.8 22.94 45'1 17.4 
Wool 441 13.4 18°7 20°0 47.17 25.88 50.9 15'5 
Other T ext it es 100.5 35.5 63.9 59.3 93'27 51.18 100°7 35.6 
Leather 87 87 100 9°6 9°6 2.9 2.9 
Clothing 















Timber, Furniture 88 87 98.9 40.5 40°1 5.7 5°5 
Paper, Printing etc. 101 112 110.9 113.7 126°1 49.7 55.1 
Other Manufacturing 
Industries 96 101 105.2 39.3 41.3 13.9 14.6 
T-:blE (4.32) 
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ESTIMATING THE STOCK OF CAPITAL FOR 
INBiiSmRILS 
Food, Drink & Tobacco 
Mineral Oil Ref. 
Other Chemical Industries. 
Iron & Steel. 
Non- Ferous Metals 
Mechanical Engineering 
Scientific Instrumen 'Gs. 
Electrical Engineering. 
Electronics. 




Other Metal Goods. 
Cotton, Flax & Marinade. 
Wool Textiles. 
Other Textiles. 
Leather, Leather Goodp. 
Clothing & Footwear. 
Bricks, Pottery, GiF,,ss, Cement. 
Timber, Furniture. 
Paper, Printing & Publishing. 
Other Manufacturing Industries. 
1958 1958 CV-7 
Net Output. Wage Bill. 
1 
i3/1 2/4 1 
(1) (2) (3) (4) ; (5) (6) 
U.K. 
Ì 
Scot- U.K. Scot- ! U.K. Scot- 
























367.0 40.1 ;.4004 
. .3646 
14.7 1.3 1.4188 ..5420 
276.1 19.1 .3941 .3555 
300.9 31.6 1.5474. ..5439 










; 139.5 3.9 °.6634 .6964 
i 
' 173.7 41.2 1.7652 .7878 
249.9 2.6 1.6088 .6667 
189.7 15.8 1.6661 .6755 
93.4 4.5 .7594 
254.7 12.8 .5798 .559 
153.5 10.6 {.6798 .6625 
! 
81.9 6.9 .5991 .514.9 
f141.4 21.3 .5593 .60 
27.5 1.8 '.6351 .6207 
! 204.4 lri.2 1.663 .7183 
; 172,.. ) 11.4 , . 5897 .5729 
140.6 10.7 1.6635 .6815 
337.0 29.2 ;.5841 ..5875 
; 133.4 8.8 .5866 ; .6331 
. 
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.5996 j .6354 
.5812 1 .4580 
. 6059 ! .6045 
.4526 ¡ .4561 
. 4165 1 .3636 
.3950. ; .4620 
.4192 .3333 
.4109 ; .1163 




.3912 '. .333 
. 3339 i.3245 
. 2406 IJ:1--,56 
.42Q2 j .4410 
.3202 .3375 
.4009 .4851 







.4134 ; ,3 ;g 
Table (4.32) cntd. 
)riJ VÚ'.14. of Capital. 
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THE I TODLL 
This chapter provides the link between both Chapters III and IV (which 
deal with the previous work and data implementation) and the proposed model 
in its general form, and prepare for the gradual application of the model on 
British and Scottish Manufacturing Industries. It is divided into three 
sections, each with a distinct function. 
Section (A) is meant to emphasize the threat imposed by the hetero- 
geneity of the available data for the appropriateness of the outcome of 
the investigation whose broad statistical and policy features are drawn 
by Section (B) below. It stresses the need for rather than describes the 
effort spent in implementing the data by Chapter III in order to reduce as 
far as possible the heterogeneity involved in the published data. In short 
it is mainly concerned with the distortion caused by heterogeneity of data 
for inter -industry and inter- regional analysis. The likelihood of a 
remainder of heterogeneity in the data prepared for the investigation is 
indicated but ways and means of testing for their effect is lacking mainly 
due to insufficiency of. data. 
Section (B) takes over the task of dealing with the statistical and 
policy implications of the main sources of bias resulting from errors of 
specifying the considered functional relationships as well as the errors 
of specifying the variables involved. It is shown that the biases are 
attributable to ignoring essential factors that are mainly of an economic 
nature. It is particularly indicated that ignoring scientific and techno- 
logical effort is an omission error of specification in the production 
function and that ignoring the distinction between the main activities of 
scientists and technologists involves an error of specifying the influential 
variable of scientific and technological effort. The implication of the 
sources of bias for policy consideration are also regarded. 
Section (C) intends to take off from the previous work (reviewed 
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in Chapter III) to formulate in general terms the present model in such a 
way as to include the main features which are proposed by Section (B), viz 
stress the necessary improvements in the accuracy of the functional 
specification as well as the specification of the variables. However, 
Section (C) leaves the gradual and combined application of the suggested 
improvements to Chanters VI - XI inclusive. 
A: Sources of statistical bias? 
The general feeling is that, an econometric study of the main factors 
determining growth and technical efficiency is both interesting and 
useful for each country, region and industry. What is important to 
add is that applying the same technique for each of two or more regions 
for the purpose of inter- regional comparison is even more stimulating. 
It goes without saying that the difficulties encountered in the latter 
situation are much more profound as well as less amenable to solution in 
practice, mainly because of the present state of data collection. 
It may be useful to emphasise from the start that the theoretical 
requirements of highly reliable statistical estimates for inter -regional 
comparison is difficult to attain in practice, at least with the data 
presently available. Nevertheless, it seems naive to rule out the use 
of the available information just because it is short of the ideal. The 
main features of the study which are most likely to suffer, though, are: 
the degree to which conclusions may be detailed, and the possible general- 
ization based on these conclusions (See Chapter XI.) 
From a statistical point of view it is accepted that drawing two 
samples out of the same population scarcely provides the same value for 
the estimated parameters. In the absence of extreme observations in 
either sample, significance tests, "Chow's statistics in the present 
situation, should indicate that the two sets of estimations are not 
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significantly different. 
Three main factors may be singled out as potential dangers which 
threaten the homogeneity requirements and thus endanger the accuracy 
of the subsequently estimated parameters of a given function as well as 
the comparability of the estimated. functions for inter- regional compari- 
son. These are: - 
(a) Sampling technique and sampling units and coverage 
(b) Data availability, aggregation over industries and 
implementation 
(c) Other distorting factors (mainly of an economic nature). 
The first two sets of factors are attributable to the potential 
distortion of available and used data, while the third set of factors 
deals with the main sources of bias introduced to the estimated parameters 
via wrongly specifying the functional relationship as well as the erratic 
specification of the variables involved in the considered function. 
Because of the paramount danger of ignoring the nr Est factors of this set 
the following section (B) is devoted to them. 
The comparability of the variables for either or all inter -industry, 
inter -temporal and inter- regional functions will be endangered by:- 
(a) The use of data derived from different sources 
which survey, or publish. data, on the basis of 
different:- 
(i) sampling units; such as establishments, 
firms, concerns, etc. 
(ii) lower limit of the size of the sampling 
units, 
(iii) standard industrial classification, 
(iv) industrial breakdown. 
(b) The use of data derived by the same source that 
introduces, temporal changes similar to (i) and 
(vi) and/or changes the definition of the variable 
asked for. 
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Some of these sources of data's distortion have been regarded in 
Chapter IV on data implementation and, where available data and time 
allowed, steps have been taken to reduce the heterogeneity involved. 
The second aspect which may affect the comparison between regions 
is the availability of collected information. In the present situation, 
for example, more published data is available and in a less aggregated 
manner for British Manufacturing Industries in comparison with the data 
obtainable for Scottish Manufacturing Industries. 
Many of the variables must be estimated and/or disaggregated for 
Scotland to make possible a comprehensive comparison between Scottish 
and British Manufacturing Industries, while it was necessary to make 
some disaggregation for the latter as well. By and large, the collected 
(and available) data are superior to estimated data though it may be 
possible to arrive at estimates that enjoy a great confidence, provided 
these are based on the most relevant information and the use of sophisti- 
cated techniques of estimation. 
Confidence in the estimated data may be determined in the light of:- 
(i) The plausibility of the estimates as a whole 
when compared with 'a priori' information. 
(ii) The sharpness, (i.e. significance), and the 
plausibility of the sign of the coefficients 
estimated in the sought relationships, 
(iii) The explanatory power (corrected for degrees'of 
freedom) of the estimated relationships. 
Statistical and Polio. Im.lications of the wron Specification 
of Input Factors and the less Accurate S ecification of the 
production function. 
The aggregate production function as expressed by equations (5.2.1) 
and (5.22)below implies that the labour and capital factors are more or 
less homogeneous. That this assumption is highly implausible is a well 
known fact, but nevertheless, this is by- passed in the majority of 
empirical work. Owing to the dangers of not correcting for the heter- 
ogeneity involved, serious policy implications and statistical bias may 
be involved. 
Within the productive activities, the most important causes of the 
wrong specification in the measurement of input factors involve ignoring 
the following factors which are mainly of an economic nature: - 
(i) a distinction between skilled and non - skilled workers, 
(ii) a distinction between male and female employees, 
(iii) distinction between the number employed and average 
hours, 
(iv) a distinction between the components of capital 
structure, 
(y) a distinction between various qualities of capital 
An incomplete specification of the aggregate production function is 
also caused by ignoring: - 
(i) correction for the degree of capacity utilization, and 
(ii) an explicit introduction of scientific input. 
On the other hand, if the above factors are regarded, one may achieve 
(i) a better understanding of the factors responsible for 
economic growth and the relative contribution of each] 
(ii) a considerable decrease in the harmful effect of the factors which 
are likely to distort inter- industry, inter- temporal 
and inter- regional studies. 
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This could imply greater benefits of the derived conclusions for the 
purpose of national as well as regional policy recommendation. This 
could lead to an improvement in the estimates on which policy may be 
based. 
(a). Statistical Treatment: 
This section deals with two types only of errors of specification, 
viz. errors of specifying variables and the inaccurate specification of 
the function. A third source of specification rr,g4errors of observa- 
tion, is generally a result of inaccuracies in the data used and has 
been summarised in Section A above. The steps taken to reduce the 
detrimental effect of such errors has been described in Chapter IV. 
A fourth type of specification error, multicollinearity, is that result- 
ing from high correlation between some of the explanatory variables to 
the extent of reducing the order of the moment matrix. In line with 
other studies, the existence of multicollinearity at certain stages of 
the study has not led us to abandon the search for an accurately speci- 
fied function, but a priori theoretical knowledge has been used in speci- 
fying the function so as to reduce where possible the adverse effects of 
multicollinearity. 
The statistical treatment of the bias resulting from errors of 
specification of the types dealt with here is based on Theil, 1c.58. 
Suppose that the correctly specified function is 
Y =XB +U (5.1) 
where Y is the dependent variable and X is the matrix of correctly specified 
explanatory variables; B is a parameter column vector, U is a vector of 
errors. Assume further that X is non -stochastic and that E(U) = 0, and 
E(U111)=62i 
Let the incorrect specification of (5.1) be 
Y =Z/-+V (5.2) 
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where Z is the matrix of the explanatory variables (wrongly or accurately 
specified) used in estimating the function (5.1)f are the corresponding 
coefficients and. V is the vector of errors. 
We may define /-Ir as the mean value of the vector of least squares 
regression coefficients X where 
= (Z'Z) -1 Z'Y. (5.3) 






Taking the expected values of both sides of (5.4) , we find 
B(ó) _ (Z'Z) l Z'XB (5.5) 
defining P = (ZiZ) -1 Z'X and L(') = % , therefore 
= PB (5.6) 
where P is the coefficient matrix of the least squares regressions of the 
correct explanatory variables on the erroneous ones, i.e. 
X = ZP + V2 (5.7) 
where V2 is the corresponding vector of least squares residuals. 
Suppose that there is no omission error, in this case the number of 
explanatory variables is the same in both Z and X matrices. It follows 
that the matrix P is a square one. However, let there be one difference, 
viz. the first of the variables of Z, 2 differs from the corresponding 
variable xi. Although the matrix P becomes a unit matrix except for the 
first column, which consists in general, of non -zero elements, it will be 
seen that in general all components of V are affected by this incorrect 
specification. Thus 
E( X)j = Bj + pj1B1 (5.8) 
,i =2, 3...m 
where E(X)j and B. are the jth components of E(?') and B respectively 
and the pis are the coefficients of the auxiliary regression 
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m 
x.l P e 
h = 1, 2 m 
(5.9) 
z1 is the wrongly specified variable, which is used in the estimation 
instead of the correctly specified variable x1. i'i is the number of 
X columns and n! is the number of Z columns. 
The difference 
(EE j- B J= P j1 B1 
may be called the specification bias of the coefficient E(ñ) It is 
to be noted that all coefficients E('') except E(S )1 have no specification 
J 
bias if their variables are all uncorrelated with the incorrectly specified 
variable x. Since this condition is difficult to obtain in economics, 
it is usual rather than not that a mis- specification of one or more of the 
variables involved in the estimation of a given function will lead to bias 
in all the estimated coefficients. 
In addition to their undesirable effect in biasing the estimated 
coefficients errors of specification generally, and omission errors in 
particular, lead on the average to an overstatement of the residual 
variance. Recall: that, amongst other things, this study is concerned 
with breaking down the residual element of the aggregate production 
function usually known as technical efficiency in cross - section studies 
a-0 technological progress in time series analysis. Therefore,it becomes 
obvious that in addition to realising the objective of improving the 
accuracy of the input factors as well as the production function specifi- 
cation, a considerable part of the residual is also explained. 
The sample variance of the least- squares residuals of (5.3) is 
(Y_Z ó)'(Y -Z ) = I-Z ( Z I Z)-1Z 17Y = (XB +U)'27 I-Z(Z'Z) -1XL7 (XB +U) (5.10) 
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If it is assumed further that Z is non -stochastic, then the mean value 
of the sample variance is 
E(1(Y -Z ó)'(Y -Z ö) = 1(XB) TI- Z(Z'Z) -lz J XB +E(lut(I- Z(Z1Z) -1zt' TJ) (5.11) 
ñ n (n ) 
E (lUt /^I- Z(ZtZ)- 4% U) _ 6 2 n-m 
Cr; ) n 
u 
u2 
being the variance of the components of U and m the number of columns 
of Z. The above result implies that the residual variance of the incorrect 
specification, when corrected for loss of the degrees of freedom by multi- 
plying by n /n -m, is on the average larger (at least not smaller) than the 
residual variance of the correct specification. Similarly R2 is then 
smaller on the average. In this sense therefore the criterion of maximum 
multiple correlation leads on the average to the correct choice of function. 
However, if no independence can he assumed between each row of Z and 
the corresponding component of U, then deviation (5.11) is no longer 
applicable and the criterion of maximum n2 is not necessarily adequate on 
the average. 
The effect of mis- specification of one input factor in biasing the 
estimates of the coefficients of other input factors in general, and the 
estimation of the coefficient of technological progress in the production 
function in particular, will now be considered. Assume that the production 
function is linear, homogeneous and its correct specification is 
Y =Blx1 
+ 
13e2 +B3x3 + B4x4 + u 
( 5.12) 
where Y, xl, x2, x3 and x4 stand for output, plant and machinery, other 
capital structures, labour and time; the Bts are the true parameters of 
the production function, and u is the residual term. 
If the distinction between plant and machinery and other structures of 
capital is ignored, the estimated production function takes the form 
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Y= ñ 1z1 + ó' 2z2 + ó 3z3 + v ( 5.14) 
when zl, z2, and z3 represent capital, labour and time, Y's are the 
corresponding coefficients, and v is the residual term. It will be seen 
that replacing the two structures of capital x1 and x2 by total capital 
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It is noted that the P matrix is no longer a square one and only two of 
its four columns correspond to the columns of an identity matrix. Then 
E( )%) = Bi + pB1 + pi2B2 (5.16) 
The time coefficient in particular will be 
E()i ) 3 = B4 + p31Bi + p32B2 (5.17) 
Re- writing (5.12) as 
Y = (B1 - B2)xl + B2(xl + x2) + B3x3 + B4x4 + u (5.18) 
























E(ó ) = p31(B1 - B2) + B4 (5.20) 
It is to be noted that (5.20) is obtained according to a linear production 
function. Form (5.17) can be used to arrive at the bias in the Cobb - Douglas 
case. However, the bias in the case of a Cobb- Douglas production function 
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is expected to be close to (5.20) in view of the satisfactory performance 
of both the linear and Cobb -Douglas forms in estimating the production 
function for British and Scottish manufacturing industries (see Chapter VI). 
In the Cobb -Douglas form B1 and B2 are the output elasticities with respect 
to plant and machinery and other structures of capital. Estimating the 
production functions for British and Scottish manufacturing industries 
indicates that B1 exceeds B2. B1 iF several times as large as B2 in 
the two sectors respectively. Moreover p31 (which is now the coefficient 
of time in the auxiliary regression of log x,1 on log zl, log z2 and time), 
is generally positive. Then the mis -specification of capital leads generally 
to an upward bias in the estimated rate of technological progress. 
Sb). Policy Implications: 
One of the difficult tasks of planners is to reconcile various 
conflicting, though desirable, objectives, relating to such matters as the 
rate of economic growth, the level of employment and foreign trade. Fiscal 
and monetary policy and direct controls are used to direct economic 
resources to achieve the desirable objectives and avoid serious reper- 
cussions. These policies have for long been based mainly on influencing 
the demand side. The finding based on studying the supply side seems to 
be worth regarding too (See Chapter VIII). Moreover, apart from economic 
indicators which are useful in the short term, formulating of long term 
policy is mainly based on estimated potential levels of resources and outcome. 
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To a large extent the healthier the basis on which the estimates are 
reached the greater the probability of success in any action taken 
earlier (on the basis of a carefully drawn plan) to meet future 
requirements. 
The production function is considered to be useful for prediction 
for a period up to ten years.(1) If the labour factor is treated as 
homogeneous factor bias may occur in the future estimates of potential 
output based on wrongly specified labour requirements. For instance, 
disregarding the distinction between skilled and non - skilled workers may 
lead to an underestimation of the full employment output in future years, 
should the balance be shifted in favour of skilled labour over time. 
A situation may develop in which the expansion in the labour force 
may not be sufficient to fulfil the requirements of a higher rate of 
economic growth. 
The demand for drawing on the pool of married women would follow 
the exploitation of labour - saving devices, along with all the other 
possible ways of increasing labour productivity. If the large differ- 
ence between the productivity of males versus females is ignored it may 
well be that the decision to attract a given number of married women, 
other things being equal, will be less than sufficient to relieve a given 
shortage. 
On the other hand if there is a tendency for the number of female 
employees to grow at a rate faster than the males, e.g. as a result of 
changes in habits or increasing baby -care facilities, etc., a full 
employment output potential that disregards the difference in the sex 
composition might also be :.overestimated. 
Feldstein (1967) has considered the possible effect of the bias 
introduced by measuring the labour input by manhours instead of 
(1) See, e.g. Kuh, 1966; and Nelson, 1964. 
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distinguishing between the number employed and the average hours. His 
production. function estimates based on all United Kingdom industries 
gave consistent as gnitudes though not significant estimates for the 
average hours coefficient. They indicate that the average hours co- 
efficient is larger than the labour and capital coefficients added to- 
gether. Denison's data on the United States of America reveals that 
there is a downward trend in average hours. Feldstein's conclusion is 
that there will be a downward bias in the estimated rate of technological 
progress based on estimates that disregard such a distinction. 
If the direction of bias is in line with what Feldstein. envisaged, 
within a decade the following policy implication will result. 
Provided that the output elasticity with regard to manhours exceeds the 
elasticity in respect of number employed, any downward trend in hours 
will lead to an over -estimation. of the full employment output in future 
years. Similarly, in seeking to determine an optimal level of hours, 
or rate of its decrease, a failure to distinguish between average hours and 
employment would lead to an under-estimation of the fall in the rate of 
growth due to a higher rate of decrease in working hours. 
But is it true that, within one decade, this will be the case for 
Britain? The answer indicated by the Ministry of Labour Gazette is "NO". 
Considering the period from October 194 to October, 1959, the index of 
average hours (194 = 100) rose to 103.7 for the manufacturing industries 
and to 103.9 for the economy as a whole. However, the average hours 
worked for manufacturing fluctuated from 104.7 in 1956 to 101.7 in 1958. 
"At the end of the 13 -year period average weekly hours worked in all 
industries covered by the enquiries were 47.4 as against 46.7 at the 
start and this, despite a reduction estimated at between 3 and 32% 
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in the length of the normal working week in these same industries ".(1) 
On the basis of this evidence, it seems that the direction of the 
bias on technological progress due to the wrong specification of labour 
and the resultant policy implications arrived at by Feldstein, should be 
reversed. It may very well be that within two or three decades the 
average weekly hours may resume its long run downward trend. But it is 
evidently not the case according to recent past experience. 
The case may be even stronger when the bias resulting from ignoring 
the distinction between various components of the structure of capital 
is considered. If the elasticity of output with respect to plant and 
machinery is considerably higher than the elasticity with respect to 
other types of capital (as is evidently the case), then distinguishing 
between various components of capital structure is essential. From a 
policy point of view, this may lead to:- 
(i) avoiding over or underestimation of capacity output at a 
future date, especially if the development is such as to allow the rate 
of forming plant and machinery to overtake or fall short of the rate of 
forming other types of infra structures; 
(ii) the possibility of adopting a discriminatory preference 
towards the rate of growth of components of capital structure in such 
a way as to maximize the benefit of resources allocated to capital 
formation; 
(iii) a fuller knowledge of at least one of the ways of improving 
the efficiency of capital and possibly the efficiency of labour. 
Furthermore, if the benefits of avoiding distortions resulting from 
wrongly specifying capital through ignoring the distinctions between high 
(1) The Ministry of Labour Gazette, V oí.70, 1962, pp. 255 -263. "Trends in 
Average Earnings and Hours of work of Men Manual Workers in the United 
Kingdom.. (1948- 1961)". 
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quality and inferior capital are added to the benefits of correcting for 
the structure of capital, the combined gain from a policy point of view 
is greater still. 
It is indicated by this study that the output elasticity with 
respect to plant and machinery is greater than the elasticity with 
respect to other types of capital. Also the estimated output elas- 
ticity with respect to new capital (as well as new plant and machinery) 
is greater than the elasticity with respect to old capital (and old 
plant and machinery). It will become obvious that ignoring structural 
and qualitative aspects of capital may result in an upward bias in the 
estimated technological progress (or technological efficiency) if the 
structure and vintage of capital is changing in favour of plant and 
machinery and a greater degree of modernization, respectively. (See 
Chapters VI and VII.) 
Through an explicit introduction of the degree of capacity utilization 
it is possible to correct a further mis- specification of the production 
function and to improve further the specification of input factors, thus 
eliminating ari important source of bias in estimating technological progress 
(or technological efficiency). As will be seen below (Chapter VIII), the 
size and significance of the elasticity of the degree of capacity utilization 
may prove useful from policy point of view. 
If the process of adjusting productive capacity has been under way 
towards satisfying a given (and possibly lower) level of demand, then 
ignoring the degree of capacity utilization might not involve a serious 
bias. This further implies that the greater the disequilibrium the 
greater will be the bias involved in assessing technical efficiency (or 
technological progress) if no correction is made for the degree of capacity 
utilization. Furthermore, the effect of not correcting for the degree 
of capacity utilization is shown to introduce a downward bias into the 
estimation of the coefficient of the factor which is measured as a stock 
rather than a flow. 
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C: The Model: 
Most recent work on technological change has been concerned with 
measurement errors in the input factors and the bias introduced through 
the wrong specification of these input factors. It is obvious that the 
productive system is the appropriate framework for the present investigation 
and that the production function is therefore the relevant concept rather 
than decision (or marginal productivity) functions. 
It may be interesting to draw a brief comparison between distinct 
groups of growth models and the one it is proposed to apply. It is 
desirable, moreover, to present the functions formally rather than to go 
into their mathematical specification. Only in certain problems shall 
we have to specify the production function explicitly. The reason for 
preferring the general functional form at this stage is that it is mainly 
through experimentation that the appropriate form will be arrived at. 
Otherwise each form would imply a sat of assumptions which might be unneces- 
sarily restrictive. The following form is frequently used in the formu- 
lation of growth models: 
0 = f(L, K, A) (5.21) 
where 0, L, K and A represent output, labour capital and technological 
efficiency in cross - section situations or technological progress in time 
series studies. As a residual factor A represents in addition to all 
the biases in measuring and specifying conventional input factors and 
output, the effect of intangible factors together with the fruits of 
investment in technology. Many studies are being undertaken at present 
with a view to explaining some of the factors determining the value of A. 
Empirical evidence indicates that A accounts for between $O% and 90% of 
the observed increase in labour productivity in the United States economy.(1) 
(1) See, e.g. Kendrick (1961). Abraraovitz (1956), Solow (1957) and Kassel (1961). 
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Three main, quite different, assumptions are used in models concerned 
with technological change assessment. The first regards all technological 
change as being of an organizational (or disembodied) nature which must be 
treated as autonomous shifts in the production function that takes the 
form() 
0 = Af(L, K) (5.22) 
The main assumption of that model is that technology leads to an 
isoelastic shift in (rather than a movement along) the production function, 
thus leaving unaffected the shape of that function. Such an autonomous form 
of technological progress is supposed to occur without the aid of new input 
factors, and, especially without the aid of capital formation that embodies 
the latest technical improvement. This technical improvement consists of 
organisational changes in the methods of combining and rearranging existing 
factors of production. 
The second assumption states that the rate of technological progress 
is influenced by the rate of capital formation, probably in the form of 
a direct relationship between changes in technology and gross investment. 
The hypothesis underlying such an assumption is that innovations are fre- 
quently incorporated in capital items which represent replacement of or 
additions to existing plant and equipment.(2) Thus the quality of capital, 
(as well as its structure) must be considered in measuring the capital 
factor. In the vintage model, as it is known, new assets are assumed to 
be ̀ better" assets, thus the distinction between various layers of assets 
(1) Solow, (1957), Domar (1957), Hicks (1932), Nelson & Phelps (1965) etc. 
It is to be noted that equation (5.22) is a general form of expressing 
the assumption of neutral technological change, it is used with modi- 
fication to serve the requirements of the stated studies. 
(2) See, e.g. Johansen (1959) and (1961), Solow (1959), and Massel (1961). 
131 
is of prime importance, e.g. 
O = f (L, GI, A) (5.23) 
where GI represents the integrated value of gross investment over the 
life span of fixed assets corrected for decay. 
Another main difference between this "ind(zoed" type of technological 
change and the "autonomous" hypothesis is that A is formally treated in 
the former case as an argument in the function(form (5.23)) rather than 
exogenously determined (form 5.22)) in the latter case. It is worthwhile 
to note that in either case A acts as a catch -all for the variables left 
out of the specification of the production function, in addition to repre- 
senting the bias caused by wrongly specifying conventional input factors. 
However, A is bound to lose part of its explanatory power in "vintage" 
models through accounting partly for qualitative improvements in capital.(1) 
The third hypothesis regards the improvement (mainly of labour) through 
"learning by doing" as the cause of technological change. In the "progress" 
models, the evidence provided indicates that the average and marginal input 
requirements are a declining function of the volume or accumulated output 
up to some point in the production run.(2) Except for allowing for the 
progress rates of different types of input factors (i.e. allowing for 
factor substitution), this model would not add much practical progress 
over the autonomous hypothesis. On the rather negative side it implies 
that output in physical terms can be increased by restricting product 
lines, limiting entry of new firms, and through the adherence to known 
products and production techniques until the benefits from "learning by 
doing" are realised. 
(1) The other aspect of quality improvement is the rate of technical 
improvement in the production of new capital goods. 
(2) See Arrow (1957; Wright (1936. } 
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Due to the obvious limitations of each one of the three models 
briefly sketched above, the present study favours a more general model.(1) 
That model recognises the possibility of incorporating some technological 
progress (or technical efficiency) in the newly produced capital equipment, 
education and human experience. However, it advances, moreover, that a 
significant part of technological progress (or technical efficiency) may 
be accounted for by introducing explicitly various forms of scientific 
activities as factors of production. Some of these factors contribute 
to current production activity and the remaining are devoted to improving 
future technology, see chapters X and XI. 
In order to indicate the necessary improvements in the accuracy of 
functional as well as variable's specification in line with the proposals 
made in section B and so as to meat the requirements of the model as just 
described, in its general form, the model can be expressed as:- 
O = f(kli,,,,...; Li,.1 ...; fs,fe; ms,me; rs,re; c; a) (5.24) 
where K. is the measurement of the ith type of capital structure of the 
jth vintage, Li refers to the various categories of the labour force 
broken down according to age, sex, education, training and skill, etc. 
fs, fe represent the qualified scientific manpower of science degree and 
technologists respectively, engaged on the shop floor; ms, me represent 
the employment of qualified natural scientists, (and probably social 
scientists), and technologists engaged in managerial activities, rs, re, ro 
refer to the. number of scientists, technologists and other supporting staff 
engaged in research and development (either in a simple lagged form or 
as a distributed lag). c represents the degree of capacity utilization. 
(1) See Chapter III above. 
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The "residual factor" is supposed to explain a much lower proportion of 
the total variation than its counterpart in equations (5.21) and (5.22). 
Notwithstanding that the model explained by (5.24) has to be modified 
in certain respects it is known far instance that the term capital combines 
together a large number of assets bought at different times and performs 
widely different functions. In spite of the theoretical attraction of 
regarding each asset of a given vintage as distinguished from the others, 
in practice a varying degree of aggregation is inevitable. Thus the 
distinction between each vintage of capital has to be reduced to a dis- 
tinction between a few layers of vintages only because of the small number 
of observations and because of multicullinearity. This and other simpli- 
fications of the model are discussed in succeeding chapters. 
CHAPTER VI 
THE MEASURE :ENT OF CAPITAL 
I -THE VIVTAGE OF CAPITAL 
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THE MEASUFMENT OF CAPIT&L 
I, Ca ital Vintág20 
Introduction: 
One of the preoccupations of earlier studies was to quantify or 
approximate the stock of capital(1), but they only managed to quantify 
(to a certain extent) the quantity of capital rather than its quality. 
The perpetual inventory, (Redfern, 1955), and replacement value as 
approximated by the firm's insurance, (Barna, 1957), are two well known, 
methods. But even if measuring capital by quantity were acceptable 
for some applications it does not follow that the stock of capital would 
be homogeneous. The fact that in practice various types of capital assets 
are not used in fixed proportions, and that the assets used can vary from 
the most up-to -date to the quite aged ones, means that the use o.f the 
stock of all assets as a measurement of capital involves difficulties of 
heterogeneity. 
It is made clear in Chapter V that the errors of specification in 
the measurement of capital tends to introduce statistical bias into the 
measurement of technical efficiency and the coefficients of the estimated 
production function. In addition, if the errors of specification are 
ignored, serious policy implications may arise. In this chapter the 
(1) In National Income and Expenditure, 1967, published by the C.S.O. it 
is stated "The present estimates are a development of those used by 
Mr. Redfern ... They have been revised to incorporate the estimates... 
given by Geoffrey Dean ... Estimates or assumptions are made about the 
average length of life of each class of asset separately distinguished. 
Gross fixed capital formation is then estimated for each class of asset 
for L years prior to Y., where L is the average life of the class of 
asset in question and Y is the year for which the gross stock and capital 
consumption are to be estimated. Price Indices are applied to those 
estimates in order to convert them to constant prices. They are then 
aggregated for L years to obtain the estimate of capital stock. Division 
by L gives the estimate of capital "consumption" ... 
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vintage of capital will be dealt with. The structure of capital will be 
treated in the next chapter. 
The quality of capital is difficult to deal with since the resultant 
effect on firms' capital input will depend not only upon the vintage of the 
stock of capital but also upon the rate of improvement in capital goods. 
There are thus two dimensions of quality, of which only the vintage of 
capital has attracted attention recently, perhaps because the required 
data is less difficult to obtain compared with the data needed to estimate 
the rate of improving capital goods. 
Modern capital is better than older capital not only because it renders 
more services in terms of length and duration of its operation but, more 
importantly, newer capital is supposed to be much more efficient since it 
embodies the latest technological improvements. The vintage or the 
Johansen' model is useful in providing a distinction between various 
vintages of capital and in accounting for one dimension of the quality of 
capital. It thus provides an important step towards reducing the heter- 
ogeniety of capital. 
It is to be noted that the average efficiency of the stock of capital 
that is accumulated during a period of an accelerated rate of innovation 
(in capital producing industries) is likely to be higher than it would 
have been with a slower rate. Thus either an accelerated rate of improve- 
ment in capital producing industries and /or an increased rate of capital 
modernization would lead to an increase in the average efficiency of 
capital in use; the main assumption being that the newly produced capital 
equipment embodies the most up-to -date technological advance,(1) 
(1) It does not necessarily follow that all technological progress is 
embodied in newly produced capital equipment (see chapters III and 
XI). Also it is implicit that diminishing returns do not prevail. 
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In section "B" below the traditional specification of the production 
function will be regarded first. In this section capital and labour are 
implicitly assumed to be homogeneous. A comparison between the production 
function in the original theory of the firm and the statistical production 
function is drawn. Also the problem of estimating the Cobb Douglas 
production function is briefly stated. A condensed comparison between 
the widely known production functions is undertaken. A definition of 
the variables is presented and a preference for the experimental approadh 
instead of assuming the validity of a given form is emphasised. Then the 
estimation of the traditional form of production function is presented. 
In section "C" a development of a practical method is introduced in 
order to estimate two broad layers of vintage of capital. It is followed 
by the result of establishing a distinction between modern and older 
vintages of capital in the specification of the production function. 
B. Y.- . 'S 0 S - r e I 
(a) The statistical production function: 
It is known that the production function in the original theory of the 
firm describes the technically feasible possibilities facing the entrepreneur 
at a given point in time. He is supposed to be dealing in a perfect output 
and inputs markets and producing a homogenous commodity using homogenous 
qualities of labour and capital. The closest approm mate for such a 
function in practice is an intra -firm (time series) production function. 
The pioneer attempt to estimate a statistical production function was 
made by Cobb and Douglas who estimated an intra- industry or time series 
of manufacturing industries production function. The original form implies 
the assumptions of constant returns to scale, perfect competition in the 
product and input markets and unitary elasticity of substitution. 
Therefore, the original form lacks the ability to test for returns to 
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scale, the degree of competition in the input markets and evaluating the 
elasticity of substitutions. In the unrestricted form they used in the 
1940s, the homogeniety restriction was removed and thus the coefficients 
of labour and capital were left free to indicate decreasing, constant, 
and increasing returns to scale. 
In his familiar paper "Are there laws of production?", Douglas presented 
the results of two decades of team effort using mainly cross -sections of 
inter- industry production functions. Being conscious of the criticisms 
directed at this method of analysis especially the doubt in the meaning- 
fulness of the estimated coefficients in predicting the level of output 
which --obtains from separate or combined changes in the input factors, 
Douglas defended this method convincingly.(1) He pointed out that:- 
"This method is somewhat disconcerting to those who are 
accustomed in their a priori reasoning to start within the 
theory of production for the individual firm and who then move 
to a model for a given industry but who shy away from developing 
a theory of production for the economy as a whole or for, the 
manufacturing sector of that economy. Such theorists probably 
believe that we are starting at the wrong end and that we should 
begin instead with the individual firm rather than the whole 
manufacturing sector of the economy and that we should consider 
the production function within these units rather than deal with 
inter industry and aggregate functions. "(2). 
(1) It is to be noted that in the reply summarised below, it seems that 
he did not attempt to defend the traditionally specified production 
function in ignoring the aggregate bias and the reliance of the 
evaluation of returns to scale on the arbitrariness of industrial 
classification of official statistics and the possibility that 
large industries may be composed of a large number of small firms 
and small industries of large firms. See Section C of Chapter I 
and Walters 1968, p.311. respectively. 
(2) Douglas "Are there laws of production ?" 
A.E.R. Vol. 3$, March, 1948, pp. 22 -23. 
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In addition to the major difficulty of obtaining firms' data because 
of industrial secrecy he emphasised that there is:- 
tr no reason why we cannot approach this problem from 
either end and study the macrocosm as well as the microcosm. 
N9one, in the physical science would propose that we give up 
using the telescope because the microscope has not yielded 
all its secrets. Why should we not, therefore, study the 
economy as a whole as well as speculate about the individual 
firm, particularly since a knowledge of the former throws a 
great deal of light upon the problems of the latter."(l_) 
(b) Problems of estimating the Cobb Douglas production function. 
The problem of the simultaneous equation bias in the estimates of the 
single equation least squares production function, which arise from the 
possibility of interdependence of the explanatory variables and the residual 
was pioneered by Marschak and Andrews (194). Because of the compu- 
tational burdens of solving the production system simultaneously simpler 
and less costly methods were suggested. The method of moments (Marschak 
and Andrews, 1944), and Hoch method (Hoch 1958) were shown by Kmenta 1963, 
to be equivalent to the method of indirect least squares. Within this 
group of methods of estimation to the Cobb Douglas production function, 
the assumption of perfect competition can be relaxed and instead it can 
be subjected to test. This can be done by introducing a multiplicative 
constant to each one of the marginal productivity ecuations. If it is 
found that it is significantly different from one, the hypothesis of perfect 
competition can thus be rejected. 
The task of comparing the properties of the various methods of 
estimation of production function parameters has been the preoccupation 
of the Monte -Carlo studies (see Kment8 and Joseph, 1963) and is beyond . 
the scope of this study. The main occupation of this analysis, it is 
(1) Douglas "Are there laws of production ?" A.E.R. Vol.. 3$, March, 194$ 
pp. 22 -23. 
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to be recalled, is to reduce the aggregate bias resulting from the erratic 
specification of the aggregate production function and of the factors of 
production. It is thus not unrealistic to suggest that the steps taken 
here to deal with this problem may well preceed the steps necessary to 
deal with the simultaneous equation bias. 
(c) Various forms of production functions; 
It is well known that each form of production function is based upon 
a set of assumptions. Instead of accenting the assumptions of a certain 
form as given, it is reasonable to regard that amongst a number of functions 
which are difficult to distinguish between them on priori grounds, which- 
ever function renders the sharpest parameters, combined with the highest 
explanatory power is the most likely to represent the population from which 
the sample has been drawn. A time and effort saving device is to assume 
a given functional form as suitable for application, but a more scientific 
approach tends to favour instead what is recommended on empirical grounds 
amongst equally plausible functions. Therefore, it is to be noted that 
since the unrestricted production function in its log and absolute forms 
have proved to be the most acceptable forms for British and Scottish manu- 
facturing industries, the main findings will be given in these two forms. 
However, the semi -log forms, though not as acceptable, nevertheless have 
been reported as they indicate that a transcendental form production function 
may well be superior to the log and absolute forms (see below). Since the 
latter function involves double the loss of degrees of freedom compared with 
either the log or absolute forms, its application in the present situation 
must be limited by the lack of sufficient numbers of observations. 
The unrestricted Cobb -Douglas form has unitary elasticity of substitu- 
tion and constancy of output elasticity with respect to the factors of 
production. Since it involves no restrictions on output elasticity, its 
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coefficients are left free to reflect constant, decreasing, and 
increasing returns to scale. Although the constant elasticity of 
substitution production function has gained a wide fame it has not 
replaced the Cobb - Douglas production function; partly because it 
gives rise to non -linear estimation problems and partly because it 
yields unstable estimates of the elasticity of substitution. As a 
more general form the former gave room for testing another, though 
equally plausible, assumption concerning the elasticity of substitution. 
Both functions take an intermediate position with regard to the assumption 
concerning the value of the elasticity of substitution. At the two 
extremes, input /output analysis involves zero elasticity of substitution 
or fixed input /output ratios, while the linear production function 
involves the assumption of infinite elasticity of substitution. 
(d) Definition of the variables used: - 
An inter -industry cross -section production function will be estimated 
using British and -Scottish manufacturing industries data. Output is 
measured by:- 
1. Net output which is defined by the Census of Production as 
constituting the funds from which wages, salaries, rents, rates, taxes, 
advertising and all other selling expenses and all other similar charges 
have to be met. It, therefore, exceeds the familiar concept of value 
added to the extent that services bought from other industries are not 
excluded. 
2. Gross output is the total value of sales and work done corrected . 
for stock appreciation and depreciation. Labour is measured by numbers 
in employment. That is the numbers unemployed were subtracted from the 
number of insured labour. Capital is measured by the net stocks of all 
fixed assets at 1954 prices. The intermediates is measured by the cost 
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of materials and fuel purchased (including the value of goods purchased 
for merchanting and canteen supplies), the amount paid for work given out 
to other firms and payment for transport. 
In order to trace out the consistency of the results, a production 
function describing gross output is estimated in many cases and the 
similarity of the conclusions based on either this function or the usual 
function describing net output will be presented. In specifying the 
gross output function an additional input factor viz. intermediates is 
introduced. 
It is to be recalled that for British manufacturing industries gross 
output figures are provided by the Census of Production reports while 
net output has to be estimated for 1962. Therefore the results of the 
gross output function may as well be used as a means of evaluating the 
consistency of the estimates of net output. 
Interpretations of the net output functions are given the main 
consideration on the grounds that net output represents the value added 
to intermediates by the process of production and thus is the meaningful 
concept oft an industry level. Moreover, in contrast with gross output, 
it is emphasised by the Board of Trade that there is no appreciable 
duplication in net output. 
Moreover, instead of assuming a given form of production function 
as suitable for the industrial sector(s), an experimental approach is 
adopted. However, those forms which show relative inferiority toward 
the others are given less attention after comparing their performance 
with the relatively superior ones. For instance in this section a restricted 
Cobb Douglas form, a linear form, an unrestricted Cobb -Douglas form, and two 
semi -log forms are estimated. It will be shown that the first and the last 
two forms are indicated as inferior relative to the other forms. 
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(e) The estimates of the traditional production function. 
The restricted Cobb Douglas production function involves the 
restriction that the sum of the output elasticity with respect to labour 
and capital is equal to 1. It takes one of the two forms:- 
ln(0/KA) = ao + al ln(L/KA) 
or 
(6.1) 
ln(0/L) = bo + bl ln(KA/L) (6.2) 
where 0, KA, L refer to output, all fixed assets, and labour respectively. 
a1 of (6.1) represents the labour elasticity and the capital elasticity 
is equal to (1 - a1). bl of (6.2) represents the output elasticity with 
respect to capital and the labour elasticity is given by (1 - b1). 
The form (6.2) is estimated for British manufacturing industries as:- 
ln (N0 /L) = 2.434 + 0.306 ln (KA /L) 
(0.04) 
- 
R2 = 0.658, R2 = 0.6112 
therefore the labour elasticity is 0.694. 
The counterpart is estimated for Scottish manufacturing industries as:- 
ln (N0 /L) = 2.2.97 + 0.2$3 ln (KA /L) 
(0.070) 
R2 = 0.440, R2 = 0.413 
which gives the labour elasticity as 0.717. 
The unrestricted Cobb -Douglas in its log form is:- 
ln0 = ao + al 1nL + a2 In KA (6.3) 
The application of (6.3) for British manufacturing and Scottish 
manufacturing industries is given by (6.1.4) and (6.1.12) of table (6.1) 
respectively. Table (6.1) records the estimates for other forms as well. 
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Total Employees Net Stock of 
fixed assets. 
All. 
















3 No -694'5 208.39 169.99 
(54.79) (48'31) 
4 1nN0 2.112 0.733 0.324 
(0.056) (0'049) 
5 -32.48 0.806 0.322 
(0.068) (0.055) 
6 lnGO 1.672 0.227 0'139 
(0'034) (0.047) 
7 lnG 1.862 0'211 
(0.024) 
8 1nN0 2.609 0.710 
(0.041) 
- Scottish 
9 NO -4'307 0'756 0.412 
(0.084) (0.090) 
10 1nN 0 4.353 0.0183 0.0136 
(0.0089) (0.0052) 
11 NO -58'79 18.124 11.959 
(6.401) (5.872) 
12 1nN0 2.189 0'741 0.295 
(0.080) (0.073) 
13 GO -2.622 0.689 0.233 
(0.074) (0'096) 
14 lnGO 5'379 0.0118 0.0177 
(0.0035) (0.0045) 




Production Function for British and Scottish 
Industries (1962) 




Materials, Fuel, etc. 
Absolute Log R2 2 





0.1061 0.9973 0'9968 
(0.0025) 
0624 0.9876 0.9856 
(0049) 
0.236 -0.136 0'641 0'9941 0'9928 
(O'O41) (0.048) (0.036) 
0'456 -0.175 0.983 0'980 
(0.069) (0.079) 





0.110 0.9969 0'9964 
(0.003) 
0'000122 0.8975 0.8813 
(0'000147) 
0.663 0.9906 0.9891 
(0.051) 
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The following remarks are interesting from the point of view of the 
traditional specification of the production function: - 
Firstly; In spite of the large difference between the T2 of the 
restricted and unrestricted forms, being for the former 0.642 and 0.440 
and for the latter 0.962 and 0.940 for British and Scottish manufacturing 
industries respectively, the difference between the elasticities estimated 
by either form is less than one standard error. Instead of assuming 
that the sum of the labour and capital elasticities equals one, the 
unrestricted form reveals that the sum of the two elasticities is 1.057 
and 1.036 for British and Scottish manufacturing industries respectively. 
Therefore there is a slight suggestion that the manufacturing industries 
in the two sectors are operating on the point of increasing returns to 
scale. However, applying the statistical test reveals that the hypothesis 
of constant return to scale cannot be rejected.(1) It is to be noted that 
the concept of returns to scale is difficult to test in an inter- industry 
situation since the size of industries dpends to a large extent on what 
the official statistics may regard as suitable industrial classification. 
Moreover, small industries may be composed of a few large firms and large 
industries may be composed of small fires (Walters, 196$). 
(1) Defining the sum of squares of the residuals of the unrestricted 
form as Ql and the sum of squares of the residuals of the restricted 
form as Q2, the null hypothesis is that 
Ql 
is not different from 
Q2, The test function is:- 
F = 
(Q-Or) (N-P) 
F(l,N - P) 
Since the calculated F for British and Scottish manufacturing 
industries are 1.6 and 0.4 respectively then the null hypothesis 
cannot be rejected. 
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Comparing the estimates of the restricted and unrestricted forms of 
production function shows that the latter is superior to the former. 
More importantly, the consistency between the estimated elasticities of 
the two forms is a source of satisfaction. Moreover, a comparison 
between the estimated elasticities of the unrestricted Cobb Douglas 
form in its traditional specification with previous studies of inter- 
industry production functions reveals further the consistency of the 
above estimates. Broadly speaking the labour elasticity is almost two 
thirds of the sum of labour and capital elasticities and the capital 
elasticity accounts for the remaining third. 
Secondly: Comparison between the unrestricted Cobb Douglas form 
(6.1.4) and the linear form (6.1.1) for British manufacturing industries 
indicates that the R2 is the same reaching 0.962, the labour coefficient is 
more than 13 times its standard error in both forms and that the capital 
coefficient is almost 7 times its standard error in the former and more 
than 7 times its standard error in the latter function. 
An almost similar picture can be drawn for the Scottish sector from 
the comparison between the unrestricted Cobb -Douglas form (6.1.12) and 
the linear one (6.1.9). The R2 is the same and equal to 0.940 and the 
labour coefficient is more than 9 times the standard error and the capital 
coefficient is more than 4 times its standard error in both forms. 
In the production function explaining gross output for British 
and Scottish manufacturing industries the findings of the unrestricted 
Cobb- Douglas form (6.1.7) and (6.1.15) indicate close similarity in the 
R2 and the sharpness of the coefficients when compared with the linear 
form. (6.1.5) and (6.1.13) respectively. 
Therefore, it seems difficult to prefer either form from the other 
merely on statistical grounds. However, the assumptions involved in the 
unrestricted form are more acceptable on a priori grounds compared with 
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the assumptions involved in the linear form (see above). 
Thirdly: Compare the unrestricted Cobb -Douglas and the linear forms 
with the two semi log forms (6.1.2) and (6.1.3) for British and (6.1.10) 
and (6.1.11) for Scottish manufacturing industries. The performance of 
the former two is shown to be superior to the performance of the latter 
two forms in terms of the R2 and the sharpness of the coefficients. The 
two semi log. forms still give a statistically acceptable fit to the 
available and estimated. data. 
The superiority of the unrestricted and linear forms and the yet 
satisfactory performance of the two semi log forms from the statistical 
point of view may suggest that a transcendental production function is 
likely to be acceptable on statistical and economic grounds.(1) 
The 
availability of so few observations is the limiting factor in investi- 
gating this view empirically. 
(1) The transcendental production function takes the form: - 
al blL a2 b2K a3 0 =A 
o 
L e K e T u 
Taking, e.g. the capital input and equating each one of the 
first and the second derivatives with respect to K to zero and 
solving for K gives respectively the maximum output achievable 
when K = a2/b2 and the point of inflection when K = 
^a2 + a )/b 
2 2 2 
I - for value of 17.T< 0; 
(i) if 04a.1.-1 output increases at a decreasing rate until 
the input factor reaches - ai /bi then the output decreases. 
(ii) if a1> 1 output increases at an increasing rate until the 
input factor reaches (- ai hi; then it 
increases at a decreasing rate until the factor reaches 
- ai/bi then it decreases. 
II - for value of bi =0 Mich is the case for the Cobb - Douglas form:- 
(i) OL aiL 1; 
(ii) ai = 1; and 
(iii) ai> 1; 
output increases at a decreasing, constant, and increasing rate 
respectively. 
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Fourthly: in the production function for British Manufacturing 
Industries the estimated elasticity of output with respect to employment 
in the Cobb Douglas form (6.1.4) is 0.733 and the estimated elasticity 
with respect to capital is 0.324. These estimates thus indicate that 
on the average 0.1 per cent change in employment, (capital is kept 
unchanged), may lead approximately to 0.073 per cent change in output. 
Similarly an 0.1 per cent increase in output may be achieved by 
increasing the stock of capital by just less than 0.3 per cent, (without 
changing the level of employment).(1) 
It is to be noted that this interpretation pertains to the tranditional 
specification of the production function. It will, however, be seen 
below (Chapters X and XI) that, e.g., the capital elasticity which is 
estimated according to the traditional specification is biased. 
III - for bi >0: 
(i) 0.4a.-41 
output increases at a decreasing rate until the input 
factor reaches ( - a. + eálb 
i 
then increases at an 
increasing rate. 
(ii) a.> 1 
output increases at an increasing rate 
The classical interpretation of the production function is 
confirmed when bi is negative and a.> l; the output first 
increases at an increasing rate and, after reaching a maximum 
it decreases as diminish returns apply. 
(1) It is to be noted that such an interpretation implies that the 
estimated elasticities represent closely the true parameters of 
the population. 
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The bias involved is dominantly caused by aggregation and partly by 
management bias. The former should be reduced through correcting for 
the vintage of capital (see section D below), the structure of capital 
(see Chapter VII), the level of activity (see chapter VIII), the structure 
of labour (see chapter IX), the scientific effort in research and development 
(see Chapter X) and the scientific effort on- the -shop -floor (see Chapter XI). 
Managerial bias should be reduced by using scientific effort in managerial 
activities as a proxy for managerial input (see Chapter XI), 
Bearing in mind that in measuring the variables, less published 
information was available for Scottish manufacturing industries and 
estimates were thus used more frequently compared with British manufactur- 
ing industries, the output elasticities are 0.741 with respect to Tabour 
and 0.295 with respect to capital. 
F. Testing the difference between the British and the Scottish estimates. 
In his paper, Chow (1960) has been concerned, among other things, 
with the question of whether the estimated linear relationship holds for 
two different groups of economic units. In the present situation the 
explicit question is whether the fitted production function for Scottish 
manufacturing industries is statistically significant from the one fitted 
for the manufacturing industries of the United Kingdom as a whole. Before 
running the required test the following points are worthy of notice. 
1. In the strict sense the comparison should be between Scotland and the 
United Kingdom, net of Scotland. Due to the difference in the nature of 
the data used for estimating the production functions of the two sectors, 
an attempt aimed at reducing the output and inputs of the United Kingdom 
by the estimated Scottish figures is likely to introduce unknown bias in 
the estimates of the production function of the United Kingdom. Undertaking 
the comparison between the production function of Scotland and the whole of 
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the United Kingdom is likely to be suggestive since the Scottish share is 
in the order of 10% of the United Kingdom. 
2. A choice between the estimates of the Cobb -Douglas and linear production 
functions on statistical grounds seems very difficult since the fit of both 
functions is very close and satisfactory. However, on priori grounds only 
the estimates of the former were mainly relied upon in the interpretations of 
the results. The closeness of the fit of the two forms is particularly useful 
since the available tests of equality between sets of coefficients in two 
regressions are designed for linear functions. Therefore, the test here is 
applied on the estimates of the linear production functions. The results 
thus obtained are likely to be in agreement with the results of comparing the 
Cobb -Douglas estimates. 
3. The net output figures are in current value for the United Kingdom while 
they are at 1958 prices for Scottish manufacturing industries. 
The Chow test for the whole relationship for two economic units when the 
number of observations in either exceeds the number of the coefficients is 
equivalent to the standard covariance test. The null hypothesis is that the 
coefficients of the linear production function of the United Kingdom manufactur- 
ing industries are not different from the coefficients of its Scottish counter- 
part. In other words, if the null hypothesis is not rejected the Scottish 
manufacturing industris are considered as belonging to the same population 
of which the British manufacturing industries are drawn. 
Let Q1 be the sum of squares of the residuals under the null hypothesis, 
i.e., those estimated by the production function whose observations are 
composed of the 46 industries of the United Kingdom and Scotland. 
Let Q2 be the sum of squares of the residuals obtained from the two 
separate production functions of the United Kingdom and Scotland respectively. 
define Q3 = Q1 - Q2 and n1 = 23 is the number of the United Kingdom observat- 
ions n2 = 23 is the number of Scottish observations. 
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p = 3 is the number of the coefficients of the net output function. 
Q3 /p The statistic 
Q2 (nl + n2 - 2p) 






On the basis of this evidence the null hypothesis cannot be rejected. 
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C: The Vintage of Capital: 
(a) Theory: 
The aggregate production function as given by equation (6.3) needs 
either to be adapted or developed in order to suit the improvements sought 
by the present study. Let the quality of capital, as reflected by the 
vintage aspect, be considered first. One method of dealing with the 
vintage of capital in practice is to introduce a simple modification to 
equation (6.3) and to reformulate it as follows:- 
0* = f , K*, A 
*) 
(6.4) 
Equation (6.4) may be regarded as a vintage production function in 
which K" is the quantity of recently purchased capital, L' the labour 
operating it, and 0* the output produced from it. Aye thus measures the 
best practice technological efficiency that may be achieved through the 
use of some representative assortment of the most modern capital assets. 
Equation (6.3) on the other hand measures the average level of technical 
efficiency achieved in practice by using all vintage of capital, old and 
new in a firm, industry, or the whole economy. 
The application of equation (6.4) is suitable for inter plant, inter - 
firm and inter- regional etc., functions. It is applicable, for instance, 
to a set of firms that started production in recent years as newcomers, 
(rather than taking over pre- existing ones), in a given industry. Alter- 
natively it may be applied for new plants (whether belonging to newly 
established firms or older ones). 
In practice, however, the data needed to apply equation (6.4) is 
difficult to obtain. Noreover, a direct method which aims at comparing 
the performance of the modern and older stocks of capital is needed. One 
way of doing this is to regard the accumulated capital formation during a 
recent period (say the last seven years) as new capital and thus the rest 
of the stock of capital as old. The concept of gross investment rather 
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than net investment is the most relevant.(1) 
This approach divides capital into only two main vintages of capital 
(in order to cope with the available few number of observations, there 
being nothing else to prevent finer breakdown), old and new. Thus each 
vintage is treated as a different type of capital in the following form: - 
0 = f(L,Kn,Kr,A) 
where Kn stands for new capital and Kr stands for old capital,(other 
variables are defined as before). 
Kn is measured by accumulated gross investment over the preceeding 
seven years minus the depreciation of capital assets bought during that 
period. Defining the accumulated gross investment net of capital 
(6.5) 
consumption in a discontinuous situation as:- 
ñ = -- I(t)(1 -8)T - t + 1 (6.6) 
tom= T - 6 
where I refers to gross Investment at the time period "t" and d stands 
as a deterioration rate. 
In a continuous function (6.3) may be formulated as:- 
T 
-a(T - t) 
K = J I(t) e dt 
=T -7 
If an amount I(t)dt of gross investment is installed in the time 
interval (t - dt, t) then an amount T, 1 I(t) e 
-8(T - t) dt of 
this gross investment will still be active at time t + dt (dt>o). 
a is introduced to render K 
n 
commensurate with the assumption that 
the net stock concept is more realistic as far as the productive capacity 
is concerned. The seven years period is an arbitary period but the 
length of the shortest lived asset, namely, vehicles, is almost seven 
(6.6.)1 
(1) The difference between gross investment and net investment is capital 
retirement or scrappage and the distinction is essential in growth 
models which advocate keeping capital intact in order to preserve 
"at least" the productive capacity of the economy from declining 
through negativenet investment. 
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years and thus the problem of scrapage of the new type of capital is 
avoided. Obviously (6.6) may not be considered as ideal since a further 
breakdown by type of asset must be introduced (See chapter VII),(1) 
(1) It is to be noted that estimating the modern vintages of capital 
according to (6.6) disregards the fact that the stock of fixed 
assets is composed of different types of assets whose assumed 
life -span varies considerably, e.g., the average life of industrial 
buildings is assumed by Cambridge estimates to be equal. to 50 years, 
while the average life of vehicles is assumed to be 7 years only. 
It follows that the direct application of (6.6) can be achieved by 
assuming an average life for the overall fixed assets which is 
arbitary and less satisfactory in an inter -industry study. 
The steps followed in estimating (6.6) are as follows:- 
1. The gross investment of each one of three fixed assets, 
viz, plant and machinery, industrial buildings, and 
vehicles for the recent seven years (1956 - 1962) was 
deflated by the appropriate price index to estimate the 
constant prices gross investment. 
2. The (constant (1954) prices) gross investment of each 
type of asset was depreciated according to an assumed 
life span (given by Cambridge) as follows:- 
1. A 50 years life span for 
industrial buildings. 
2. A 7 years life span for 
vehicles. 
3. A life span for plant and machinery 
which is allowed to vary from 
industry to industry which can be 
averaged roughly round 25 years. 
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r on the other hand refers to the capital stocks with vintage 
of more than seven years, not of scrapage and depreciation. The 
perpetual inventory approach is now reformulated to measure old capital 
as follows:- 
T - 7 
Kr = I (t) (1 - b)T - 
t 7 
(6.7) 
t =T - e 
The retirement of old assets is now being taken care of by 0 which is 
the length of life of the asset and the summation is taken over the 
life span of the capital assets. The estimates of modern and older 
vintages of capital according to (6.6) and (6.7) are included in table 
(1.27) above, (See Chapter IV). 




in order to estimate equation 
. 
(6.5) implies that the two types of vintage capital are weighted, 
according to the resources allocated to their instalment minus the value 
of the physical deterioration and retirement. However, the qualitative 
difference as well as the age effect should be reflected in a decisive 
difference in their ability to contribute to the productive process. 
Unfortunately equation (6.5) cannot be applied to the available 
data on capital formation for Scottish manufacturing industries since 
apart from 195$ (the main census) there is no year to year data for 
which the breakdown of capital formation by industry is given. However, 
an application to the British manufacturing industries alone is possible 
as well as informative. 
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(b) Application: 
Equation (6.5) is estimated by (6.1.$) which indicates that: - 
1. The output elasticity with respect to modern plant and 
machinery is 6.6 times its standard error. The contribution of the 
modern stock of capital to the production process is 40.7 per cent more 
than the contribution of the average age stock of capital. 
This finding is thus consistent with the Johansen thesis which 
suggests that modern vintages of capital are better than older layers 
since they are supposed to incorporate the most up -to -date technalogical 
advance. 
2. The output elasticity with respect to older vintages of 
capital is negative and statistically significant at the 5 per cent 
level. This finding is consistent with the mainly empirical view 
which is in line with some industrialists view that the older vintages 
of capita]. represents a handicap to industrial growth and efficiency. 
3. The output elasticity with respect to labour is slightly 
lower than in the traditional production function (6.1.!) but the 
degree of sharpness is increased. considerably. The labour coefficient 
is now 17.3 times its standard error as compared with 13.1 times in the 
traditional specification. 
4. The introduction of the distinction between modern and older 
vintages of capital allowed 47 per cent of the residual to be explained. 
This finding is generally consistent with the finding of M. Panic.(1) 
Though he dealt with a time series situation in his attempt to explain 
the difference between the rates of growth in West Germany and the U.K. 
(1) M. Panid "Gross Fixed Capital Formation and Economic Growth 
in the U.K. and West Germany 1954 - 1964 ". 
B OIE S. Nov. 1967. 
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Panic found that about 42 per cent of the growth of output can be 
accounted for by the differences in gross investment.to G N P ratios. 
In other words that the stock of capital in Germany is modernized at 
a rate faster than the U.K. was indicated an influential factor in the 
faster growth of the former's output vis - a - vis the latter's. 
The tentative conclusions which can be suggested by the above stated 
findings are: - 
(i) that a serious bias is likely to be involved in assessing 
the technical efficiency and /or the coefficients of the 
production function if no distinction is drawn between 
various layers of vintage of capital. 
(ii) that if capital formation is allowed to accumulate at 
a higher rate such as to alter the balance in favour of 
modern capital, then a considerable increase in the 
average efficiency of capital is likely to occur. 
Moreover, the increase in the degree of capital moder- 
nization is likely to be most favourable for the 
industrial growth and technical efficiency.(1) 
(iii) that in forecasting full employment output for future 
date, a measurement of capital that ignores a distin- 
ction between modern and older vintages of capital is 
likely to result in underestimating the potential 
output if capital formation proceeds at a rate faster 
than the one experienced during the period used in 
forecasting and vice- versa. 
(1) It is to be noted that the findings support qualitative increase 
rather than quantitative increase of capital. 
CAPTER VII 
Tir; MEASUREMENT OF CAPITAL 
II -THE STRUCTURE OF CAPITAL 
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THE MEASUREMENT OF CAPITAL 
In most empirical work, capital goods are aggregated in one figure 
as if they perform similar functions. The lack of substitutes is the 
main justification. This remains so even if a distinction between 
various layers of capital vintage is introduced. Our model embodies 
a greater degree of disaggregation, on the grounds that both different 
types of capital and different vintages make different contributions 
to the Productive process. However, the question of capital_ homogeneity 
cannot be pursued to the extent of establishing a distinction between 
each vintage of each type of capital structure on practical as well as 
on theoretical grounds. On practical grounds the number of observations 
required will be enormous, unless the study is reduced to a given 
vintage or a given type of capital structure. On theoretical grounds 
the attempt to pursue the homogeneity requirements to a large extent is 
likely to bypass the inter -action between various layers of vintages 
as well as between various structures of capital. 
A balanced approach is to consider the distinction between a small 
number of capital structures as well as a limited number of capital 
vintages. In the present study this view is necessitated by the 
restricted number of degrees of freedom available. In Section AI 
the structure of capital is discussed. In Section B, the combination 
of the structure and the vintage of capital is considered. 
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A. The structure of Capital: 
On an industry level, three types of capital can be distinguished. 
These are plant and machinery, new buildings, and vehicles. Thus an 
improvement over the usual aggregate production function is to use the 
form: - 
0 = f(L, Kp, Kb, Kv, A) (7.1) 
where the three subscripts to capital refer to the three types of 
capital. respectively. It is also obvious that (7.1) does not allow 
for the quality of capital. A greater improvement is thus possible by:- 
0 = f(L, Knp, Knb, Knv, Krp, Krb, Krv, A) (7.2) 
where the first subscripts of K refer to two vintages of capital, 
"n" new and "r" old, and where the second subscript in each case refers 
to the three types of capital. 
The difficulty with applying equation (7.2) to our situation is not 
only due to the consumption of an already small number of degrees of 
freedom, but also to the multi -colinearity involved. 
Due to the finding that equation (7.1) was also difficult to apply 
because of multicolinearity, a more modest equation is:- 
0= f(L,Kp'Igo,A) (7.3) 
where K 
0 
represents structures of capital other than plant and machinery. 
Equation (7.3) draws a distinction only between plant and machinery and 
all other infra -structures. The assessment of equation (7.3) using 
the Cobb - Douglas production function for British and Scottish manufac- 
turing industries is given by equations 6 and 1$ of Table (7.1). 
Moreover Table (7.2) provides a concise inter -regional comparison 
of the most interesting results as follows:- 
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Table (7.1) Cross section estimates of the aggregate 
Eqn. Depen- Constant 



















Plant & Macfinerÿcient 
All. Modern 













NO -1601.6 231.99 1)12.27 
(51.96) (41'96) 
1nNO 2.283 04 0.277 
(0.052) (0.042) 
NO -41.01 0.779 0.180 
(O'O75) (0'105) 
1nNO 2.324 0.7W1 0.227 
(0.070) (0.088) 
GO -29.014 0835 0'387 
(0.70) (0.072) 
1nG0 7.997 0.00136 0.00106 
(0.00034) (0.00035) 
1GO 1.708 0.2)12 0.114 
(0033) (0'038) 
GO -35.123 0.777 0.231 
(0075) (0.113) 
lnG0 1.754 0.231 o 0968 
(0.041) (0.0540) 
1nNO 2.607 0.757 0.354 
(0.048) (0.088) 
1nNO 2.630 0'773 0.322 
(0.056) (0.102) 
1nNO 2.548 0'759 0.270 
(0.048) (0.036) 
- Scottish 
NO -4.167 0'835 0.501 
(0079) (0.126) 
ln 2.319 0'776 0.258 
(0'072) (0'062) 
NO -4.159 0.663 0.198 
(0.106) (0.178) 
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production function (1962) (7.1) 
of 
Other capital All capital Older 







All. plant ma chin 







(0.281) 0.972 0'968 
0.083 0.967 0.961 
(0.127) 
0.1082 0.9969 0.9965 
(0.0026) 
0.0000333 0'8731 0'8531 
(0.0000126) 
0.634 0.9877 0.9858 
(0.046) 
0.683 0.10395 0.9974 0.9968 
(0'392) (0.0034) 
0.0354 0.626 0.9878 0.9851 
(0.0791) (0.050) 
-0.103 0'973 0'969 
(0.099) 
-0.0776 0.972 0.968 
(0.1430) 
0.972 0.969 
Manufacturing Industries - 
0'938 0'931 
0-951 0-943 




Table (7.1) (contd.) 
Eqn. Depen- Constant Coefficient 
No. dent Labour Plant & Machinery 
Absolute Log Modern 
Absolute Log Log 
Scottish Manufacturing 
18 1nNO 2.346 0'762 0.233 
(0.098) (0'127) 
19 GO -2515 0'709 0.290 
(0070) (0.112) 
20 1nG0 -1'546 0'221 0.107 
(0'034) (0.038) 
21 GO -20.885 0.757 0'376 
(0.097) (0.165) 
22 1nG0 1.558 0.216 0.0990 
(0'043) (0.0580) 
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0661 0661 0.9908 09894 
(o 049) (o 049) 
-0.492 0.113 09971 099)1)1 
(0.684) (0.005) 
0.01)12 0.660 0.9909 0.9888 
(0.0729) (0.051) 
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0.966 0.946 0.962 0.940 
0.967 0.948 0,961 0,93 
0.966 0.951 0.963 ;0.91,. 
0.9876 0.9906 0.985 
0.9878 0,9909 0.985 
0.9877 0.990e 0.985 .9896 
B. Refers to British Manufacturing Industries 
S. Refers to Scottish Manufacturing Industries 
The following remarks may be drawn from Table (7,2):- 
Firstly: It is clear from the second and fifth linesthat the 
coefficient of plant and machinery is dominant while the coefficient of 
infra structures is not significant for British and Scottish manufacturing 
industries, whether in the net or gross output function. All the four 
equations are affected by multicollinearity. Yet with the exception of 
(7,1.18), the other equations indicate that the sum of the elasticities 
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of plant and machinery and infra structures are close to the estimated 
elasticities of all fixed assets given by the corresponding three 
equations (6.1.4), (6.1.6) and (6.1.15). This means that the estimated 
elasticities of capital structure are not badly affected by multi - 
cullinearity. 
Secondly: Comparing the output elasticity with respect to plant 
and machinery and other infra -structures reveals that for British and 
Scottish manufacturing industries the elasticity of plant and machinery 
is several times larger than the corresponding infra -structure elasticity. 
This finding implies: - 
1. that a measurement of capital which ignores a distinction between 
various types of capital involves a mistaken specification that is 
likely to result in an overstatement of the level of the estimated 
technical efficiency (See Section "B" of Chapter V). 
2. that a planned full employment level of output for a future date which 
is based on extraprolating capital requirements ignoring the structure 
of capital, is likely to be understated if the rate of forming plant and 
machinery overtakes the rate of accumulating other types of capital. 
Thirdly: The lesser capacity to contribute, combined with the lower 
level of significance of the infra- structure coefficient is noteworthy. 
From a statistical measurement point of view, the ability of the plant 
and machinery variable to be representative of the capital factor is 
demonstrated by the estimates (7.1.4), (7.1.9) for British and (7.1.16) 
and (7.1.20) for the Scottish Manufacturing Industries which excludes the 
infra- structure variable. The explanatory power of these production 
functions exceeded R2 in the corresponding estimates (6.1.4), (6.1.6), 
(6.1.12) and (6.1.15) respectively which measures capital by the stock of 
all fixed assets. It thus seems likely that the explanatory power of 
of capital as a whole is derived mainly from the plant and machinery 
component. Therefore, it may be reasonable to advance the view that 
even in the absence of significance of other types of capital, plant 
and machinery is by and large a better representative of the contribution 
of capital to output than is total capital. 
B. Combining the structural and oualitative aspects of capital: 
The form which has to be decided upon as suitable, in view of the 
previous experimentations, must consume as few degrees of freedom as 
possible. The production function used may take either the form: - 
0 = f(L' Knp' KA -np' A) 
or 
0 = f(L, Knp, Krp, A) 
where Knp refers to the modern types of plant and machinery. It is 
measured by the accumulated gross investment net of deterioration in 
plant and machinery in a manner similar to calculating modern types 
of all fixed assets. The e uation used for this purpose is:- 
aP(T - t) K = 
TT 
I (t) é dt 
Pn T 7 P 
where Ip(t) refers to gross investment in plant and machinery at the 
"tth" time period and 3p is the rate of deterioration of plant and 
machinery. In a discrete situation (7.6) may be reformulated as:- 
Kpn = I(t) 
t = T - 6 
(1 





K in equation (7.5) represents all remaining stock of plant and machinery 
with a vintage more than seven years. It may be estimated by an equation 
similar to (7.7) or simply as the difference between the total stock of 
plant and machinery and the modern stock, i.e. 
Kpr = Kp - Kpn (7.8) 
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KA stands for all assets excluding modern plant and machinery. 
It can simply be estimated as: - 
KA-pn = KA - Kpn (7.9) 
Using the British statistics the estimation of the production function 
as formulated by (7.5) in its Cobb - Douglas form is given by (7.1.12). 
Equation (7.1.12) indicates that the elasticity of modern plant and 
machinery is dominant and most significant as compared with the elasticity 
of older plant and machinery. In contrast with the greater contribution 
of modern plant and machinery (relative to all vintages, see below) the 
contribution of older plant and machinery is negative and significant at 
the 30 per cent level. This finding may be regarded as a further support 
to the significant finding of Chanter VI which is in agreement with the 
mainly empirical view that older capital represents a ma;ior handicap for 
industrial growth and efficiency though the significance of the coefficient 
of older vintage of plant and machinery is low. However, removing the 
older vintage (7.1.14) helped to improve the fit. 
Comparing equations (7.1.4) and (7.1.12) both of which measure 
capital by the most productive type namely plant and machinery although 
the former ignores the vintage aspect while the latter corrects for the 
vintage of plant and machinery, indicates that: - 
(a) the elasticity of modern plant and machinery is on the average 
27.8 per cent higher than the elasticity of the average age niant and 
machinery 
(b) allowing for the vintage of capital provides an explanation 
amounting to 16.2 per cent of the residual. 
The estimation of (7.4) is given by (7.1.13). It indicates that 
the output elasticity with respect to modern plant and machinery is again 
the dominant and most significant when compared with the output elasticity 
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with respect to all other layers of vintages and types of capital. In 
addition the latter has a negative sign and is not significant. 
Comparing equations (7.1.6) with (7.1.13), both of which distinguish 
between plant and machinery and other structures of capital, but the 
former ignores the distinction between various layers of vintages and 
the latter distinguishes between modern plant and equipment and the rest 
of capital (i.e. older plant and machinery plus all layers of vintage of 
other structures of capital) indicates that: - 
(a) the elasticity of modern plant and machinery is on the 
average 141.9 per cent higher than the elasticity of 
average age plant and machinery when capital is repre- 
sented by all types and vintages of fixed assets. 
(b) allowing for the vintage in addition to the structure 
of capital provides an explanation amounting to 20 per 
cent of the residual. 
What is most important is that the improvement of the specification 
of capital through considering both the structural and qualitative aspects 
has further policy implications. The combined conclusion is that it is 
not only rewarding to rely less and less on old capital but it is also 
beneficial to relate modernization more and more to plant and machinery in 
particular, and hence less to infra -structure capital. The force of the 
argument calling for the acquisition of most up-to-date plant and machinery, 
and thus scrapping most of the outdated ones, in response to technological 
change and the challenge of world competition seems to be less convincing 
if it is applied to buildings and other fixed structures unless such 
modernization is a prerequisite for introducing newer plant and machinery. 
CHAPTER VIII 
THE DEGREE OF LAPAUITY UTILIZATION 
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The Degree of Capacity Utilization. 
A. Introduction. 
Ignoring the level of activity in the specification of the production 
function is considered here as an omission error for which a correction should 
be made. A correction for the degree ofcapacity utilization is often made with 
respect to capital and in time series studies. The presumption is that the 
efficiency of capital only is likely to suffer from under or unutilized capac- 
ity. The view considered here is that the technical efficiency resulting from 
all factors of production, is likely to suffer from under -utilization of 
capacity. Moreover, the hypothesis that all productive units in a cross - 
section study have fully adjusted their level of activity to the phase of the 
trade cycle prevailing at the studied year is worthy of testing. In addition 
to the benefit of reducing the likely bias in the estimated technical efficiency, 
correcting for the degree of capacity utilization is likely to result in re- 
ducing the bias imparted in the estimated input - output elasticities via using 
a stock concept instead of using a flow of services concept in measuring input 
factors. 
In Section B a brief account of the widely applied methods of correcting 
for the degree of capacity utilization and an appraisal of the measurement 
adopted by the present study is presented. Section C reports the results of 
application on British and Scottish manufacturing industries and the results of 
simultaneous improvement with respect to British manufacturing industries. 
B. The measurement of the degree of capacity utilization. 
Several estimates for the degree of capacity utilization are used in 
practice. There is little evidence that any of them is preferable to the others. 
It is important to note that those measures which use the ratio_ of actual out- 
put to the potential output raises the possibility of spurious correlation. Yet 
while this deficiency is recognized, such measures are still used in practice 
in lieu of an acceptable alternative. 
Solow (1957), used the percentage of total labour force employed in order 
to transform the measured capital stock to flow of services. In this study the 
ratio of the numbers employed to total labour force is used to measure the degree 
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ofcapacity utilization. However, this ratio is introduced separately in 
the specification of the production function despite its limitations (see 
below). 
Klein (1954), did adjust for the degree of capacity utilization in his 
study of cross- section of railways. This he did by using the number of 
train hours as a measure of the input of capital services. 
Massell (1960) uses a minimum capital -output ratio as a capacity 
benchmark, and then specifies the ratio of benchmark minimum capital - output 
ratio to each annual capital -output ratio as the measure of utilization. 
The Wharton School measure involves drawing trend lines through output 
peaks to represent potential output series; the ratio of the actual to 
potential output forms the measure of capacity utilization. 
Klein and Preston (1967) advanced that some cyclical peaks may 
represent weak recoveries and therefore, the Wharton Index may underestimate 
capacity trends. They thus estimated Cobb -Douglas production functions in 
terms of man -hour inputs and utilized capital stocks. Define full capacity 
output as time -series of points on the production surface corresponding to 
full employment inputs of labour force and total capital stocks. They derived 
alternative measures of capacity utilization as the ratio of actual output to 
the estimated potential output. 
Amongst the many measures suggested for the degree of capacity utiliz- 
ation, the most handy one to use, given the data available, is the ratio of 
employees in employment to insured labour. 
For the purpose of correcting for the degree of capacity utilization 
the production function is thus formulated as - 
0 = f(L, K, C, A) (8.1) 
where C stands for degree of capacity utilization and all other variables 
are defined as before. 
Allow far both the degree of capacity utilization as well as the 
structural aspect of capital as follows: - 
0 = f(L, p, Ko, C, A) (8.2) 
where K is defined as the stock of plant and machinery and Ko refers 
to all other infra structures. 
The estimation of the linear and Cobb - Douglas farms of (8.1) are 
given by equations (8.1.1) and (8.1.2). The Cobb -Douglas form for 
(8.2) is provided by equation (8.1.3) in the same table for British 
manufacturing industries. The counterparts of these estimates for 
Scottish manufacturing industries in the same order are given by 
equations (8.1.10) - (8.1.12). 
The following remarks are relevant in interpreting the results 
obtained. 
1. The labour input is measured by the number of employees in employ- 
ment. It is obvious that this accounts partly for the degree of unen- 
ployment in the labour factor since by definition it excludes the 
numbers already unemployed. A refinement in adjusting labour for 
the degree of capacity utilization would be to takeinto account the 
average hours worked. 
2. The capital input is measured by capital stocks rather than by 
the flow of services, e.g. capital is measured either by the netstock 
of all fixed assets (equation (8.1)) or the net stock of plant and 
machinery and the net stock of infra- structure capital (equation (8.2)). 
One way of rendering the measurement of capital commensurate with the 
measurement of labour is to correct for the degree of capacity utilization.(1) 
(1) It is to be noted that present data available on the industry level 
does not provide information either on idle or on underutilized 
capital equipment without which a complete agreement between labour 
and capital measurements may not be possible. 
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3. The ratio of employees in employment to insured labour taken to 
approximate the degree of capacity utilization may not respond to such 
factor as:- 
(a) The adjustment of the productive capacity to a lower level 
within some industries; it is likely that some firms, 
plants and/or equipment may have been withdrawn from 
business permanently. If such an adjustment took place, 
the ratio of unemployed to total labour would be a poor 
measurement of under- utilization of capital. Moreover, 
the procedure followed in measuring the stock of capital, 
(the Cambridge estimates), does not respond for such an 
adjustment.(1) However, the process of adjustment may be 
traced through analysing the unemployment statistics for a 
reasonable number of successive time periods in order to 
deduce whether or not there has been chronic unemployment. 
(b) In view of the lesser accuracy of the breakdown of unem- 
ployment figures on an industry basis, it may be doubted 
whether such a breakdown can be regarded as representing 
the true distribution. The main reason is that in practice 
unemployed personnel can be re- employed by other industries 
in general. 
It follows thatthe ratio of unemployment to total labour may 
not be regarded as an accurate indication of the extent to 
which capacity in each industry is proportionately under- 
utilized. Furthermore, such a ratio may not be an accurate 
representation of the percentage of excess capacity laid 
down temporarily by each industry. 
(1) The retirement of an asset on an industry level is allowed after 
it has completed an assumed life span. 
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(c) The possibility of a high elasticity of substitution 
between numbers and hours worked in an under -employment 
situation may suggest the limitations of relying on just 
employment figures in measuring the degree of capacity 
utilization. Probably a measure that includes the 
intensity of labour utilization would be more appropriate. 
C. AinElication: 
(a) . . t 
Table (8.1) provides the results of improving the specification of 
the production function through correcting for the level of activity:- 
The general conclusionswhich can be derived from the estimates 
of the top section of table (8.1) for British manufacturing industries are: - 
1. It seems highly unlikely that the British industries did 
adjust themselves to the prevailing phase of the trade cycle in 1962. This 
is suggested by the significance of the coefficient of the degree of capacity 
utilization at the i per cent level whether the production function explains 
net output or gross output. It is interesting to note that the significance 
of the coefficient of the degree of capacity utilization is left unaffected 
when corrections are made for the structure of capital, for the vintage of 
capital or for a combination of both. 
2. The significance of the coefficient of the degree of capacity 
utilization is not affected by the form of the production function used. For 
instance in both the linear and the Cobb Douglas forms which explain net 
output ((8.1.1) and (8.1.2)) while disregarding the structure of capital, 
the coefficient of the degree of capacity utilization is significant at the 
1 per cent level. In the corresponding equations which explain gross 
output (8.1.5) and (8.1.6) a similar level of significance is achieved. 
3. The introduction of the level of activity in the specification 
of the aggregate production function allowed on the average 30 per cent of 
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Table ($.l) Estimates for the aggregate production function 
Coefficients of - 
Insured. Total numbers Fixed Assets 
z Labour in Employment 
m 
0 Ñ ALL MODERN OLD p Ú Log. Abst. Log. 
Abst. Log, Log. Log. 
- British Manufacturing Industries - 
1 NO 3051.2 0.843 
(0.060) 
2 1nNO 2.327 0.71$ 
(0,046) 
3 NO 307$.7 0.922 
(0,067) 
4 1nNO 2.493 0.761 
(0.044) 








6 inGO 1.$2$ 0.221 0.150' 
(0.029) (0.040) 
7 GO -3077 0.$04 
(0.050) 
$ inG0 1.$51 0.23$ 
(0.029) 
9 1nN0 2.101 0.732 0.325 
(0.05$) (0.051) 
10 1nNO 2.112 0.733 0.324 
(0.056) (0.049) 
11 1nNO 2.327 0.718 0,328 
(0.046) (0,040) 
12 1nNO 2.728 0.702 0.411 -0,120 
(0.033) (0.057) (0.065) 
13 1nNO 2.646 0.701 0.318 
(0.035) (0,02$) 
14 inN0 2.747 0.751 
(0.047) 
15 1nNO 2.742 0.750 
(0.040) 
- Scottish Manufacturing Industries - 
16 1x O 2.399 0,734 0.305 
(0.077) (0.070) 
17 1nNO 2.324 0.770 
(0.069) 
18 1nG0 1,530 0.199 0.115 
(0.033) (0.044) 
19 inGO 1.590 0.213 
(0.032) 
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which is corrected for the level of activity Table (8.1) 
- Coefficients of 
Plant and Machinery Degree of Raw materials 
Caracity and 
2 2 Utilization intermediate. R R 
AIL MODERN OLD 
Abst. Log. Log. Log. Abst. Log. Abst. Log. 









0.490 3100.0 0.964 0.958. 
(0.072) 1359.8 
0.279 8.124 0.978 0.974 
(0.035) 2.565 
3063 0.1060 0,9982 0.9978 
( 968) (0.0021) 
4.366 0,611 0.9913 0,9894 
(1.568) (0.043) 
0.402 3111 0.1082 0.9980 0,9975 
(0.061) (1043) (0.0022) 
0.120 4,176 0.625 0.9911 0.989 




(2.514) 0.979 0.975 
6.361 0.989 0.987 
(1.875) 
7.220 0.987 0.985 
(1.925) 
0.272 -0.0056 7.426 0.982 0.978 
(0.087) ( 0.1215) (2.427) 
0.269 7.448 0.982 0.979 
(0.030) (2.318) 
- Scottish Manufacturing Industries - 
7.204 0.952 0.945 
(4.352) 
0.267 7.322 0.954 0.947 
(0.059) (4.267) 
3.143 0.678 0.9920 0.9902 
(1.779) (0.049) 
0.103 0.676 0.9923 0.9906 
(0.036) (0.047) 
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the residual of the traditional specification of production function to be 
explained (see section C). 
4. The output elasticity with respect to the degree of 
capacity utilization is on the average greater than six times the sum 
of the two elasticities of labour and capital, in particular, at the 
level of activity prevailing in 1962. 
It is, however, unlikely that such a high elasticity will be estimated 
at other levels of activity. It is likely that the ratio used to measure 
the level of activity here is partly responsible for reflecting such a high 
degree of output response to the level of activity. 
Moreover, it may be that the variable used to measure the degree of 
capacity utilization stands as a catch -all for other influential factors 
which are not allowed for such as the scale of operation. It is known 
that labour productivity is strongly affected by the degree of capacity 
utilization. What the present evidence suggests is that technical 
efficiency is likely to be influenced to a large extent by the level of 
activity. 
5. The reflected considerable response of the flow of output 
to the degree of capacity utilization seems to suggest profound policy 
implications. Broadly speaking the supply side seems to require more 
consideration than is being given at present in managing the economy. 
6. The introduction of the degree of capacity utilization 
does not only increase the explanatory power of the production function but 
also leads to an improvement in the sharpness of the coefficients of labour 
and capital. In short it may be regarded as essential to improving the 
specification of the aggregate production function. 
(b) Scottish Manufacturing Industries: 
The last section of table ($.1) provides estimates of the 
production function corrected for the level of activity for Scottish 
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manufacturing industries net output and gross output. They indicate that: - 
1. The estimated output elasticity with respect to the level 
of activity is close to that estimated for British manufacturing industries. 
This may be regarded as a sign of the consistency of the data estimates 
for Scottish manufacturing industries. It is to be noted, however, that 
the significance of the coefficient of the degree of capacity utilization 
is achieved only at the 10 per cent level. 
2. In spite of the low significance of the coefficient of the 
degree of capacity utilization, a correction for the level of activity 
allowed on the average for an S per cent and 7 per cent explanation of the 
residual. Compare equation ($.1.16) with (6.1.12) and equation ($.1.17) 
with (7.1.17). Moreover, the sharpness of the labour and capital coeffic- 
ients has improved due to correcting for the level of activity. 
It is likely that the ratio used for measuring the degree of capacity 
utilization becomes less representative of the actual capacity utilization 
when applied to Scottish manufacturing industries than in the case for 
British manufacturing industries because of the process of adjustment which 
may be suggested by the clear indication of chronic unemployment in the 
majority of Scottish manufacturing industries over the 13 months preceeding 
June of the year of investigation in 1962. The available figures on 
unemployment are not continuous on a monthly basis. These figures and a 
simple calculation of the changes in unemployment and the range over six 
months and 13 months are given in table ($.2) they indicate the existence 
of chronic unemployment. This finding implies that it is likely that some 
of the Scottish manufacturing indTistries have proceeded some of the may 
towards adjusting their productive capacity, though the adjustment may have 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Simultaneous improvement: British Manufacturing Industries: 
The effects of the simultaneous correction for the level of 
activity and other factors is investigated in this section; It is 
advanced above that ignoring the level of activity in the specification 
of the aggregate production function is likely to bias the coefficients 
of labour and capital. Also it is likely to lead to a bias in the 
estimated residual variance. Moreover, the bias of the coefficient of 
the variable which is measured by its stocks is likely to be high. The 
intention of this section is to provide the relevant evidence in the form 
of a condensed comparison between alternative estimates of the aggregate 
production functions. The specification of the function involves: - 
a. ignoring completely the degree of capacity 
utilization 
b. correcting for unemployment of labour only 
c. correcting for the degree of capacity utilization 
d. correcting for the structure of capital 
correcting for the vintage of capital, and 
f. correcting for capital structure and vintage. 
The estimates regarded below nertain to British manufacturing industries. 
1. Ignoring completely the under- utilization of labour and capital, 
each being measured by available stocks, (i.e. insured labour and net stocks 
of all fixed assets), the estimated Cobb -Douglas production function is 
given by (8.1.9). Equation (8.1.9) will be treated as the traditional 
specification of the production function with the other specifications 
are compared below. 
2. Correcting only for unemployment of labour by using numbers in 
employment rather than insured employees: the estimated Cobb Douglas 
production function is given by (8.1.10). It is clear from comparing 
equation (8.1.10) with (8.1.9) that correcting for the unemployment of 
labour has led to a 5 per cent explanation of the residual of the trad- 
_118 _ 
itional specification of the aggregate production functions. Moreover, a 
slight increase in the sharpness of the labour and capita] coefficients is 
recorded. 
3. Correcting for the degree of capacity utilization while measuring 
labour and capital by the available stocks gives theproduction function 
assessment (8.1.11). Comparing (8.1.11) with the traditional specification 
shows that correcting for the level of activity provides an explanation for 
37.5% of the residual. Also a marked increase in the sharpness of the 
coefficients of labour and capital occurs. 
4. Correcting for the unemployment of labour, (i.e. measuring labour 
by employees in employment, as well as the degree of capacity utilization: 
the Cobb Douglas form of production function assessment is given by (8.1.2) 
Comparing (8.1.2) with (8.1.11) provides evidence supporting the view 
that correcting for the degree of capacity utilization plays the part of 
transforming the factors of production which are measured by their stocks 
to a flow of services. In the assessment (8.1.11) both labour and capital 
are measured by their stocks while in (8.1.2) only capital is measured by 
its stock, the introduction of the degree of capacity utilization in the 
two functions leads to the startlingly complete agreement between labour 
elasticities and capital elasticities in the estimates of both equations. 
Since the degree of capacity utilization has to take care of the errors of 
specifying labour and capital by measuring each by its stocks in (8.1.11) 
the elasticity of the degree of canacity utilization is higher than its 
counterpart in equation (8.1.2) in which a correction is only needed for 
the error of specifying capital. This indicates that the degree of 
capacity utilization variable may stand as a catch -all for the influence 
of some of the factors which are not corrected for. 
5. Correcting for the degree of capacity utilization, the unemployment 
of labour, the /drawing a distinction between capital structures provides the 
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production function assessment (8.1.4). Comparing this with the traditional 
specification provides an explanation for 35 per cent of the residual. 
Comparing equation (7.1.10 which corrects for the structures of capital and 
unemployment of labour with (8.1.4) which allows in addition for the level 
of activity shows that the amount explained of the residual due to correcting 
for the degree of capacity utilization alone is almost 30%. 
6. Correcting for the degree of capacity utilization, the unemployment 
of labour, and distinguishing between two vintages of capital: 
Equation (6.1.8) of chapter VI provided support for the mainly empirical view 
that old capital stands as a handicap for industrial growth and efficiency. 
It may be recalled that the coefficient of old capital was negative and 
significant at the level while the elasticity of modern capital was 
positive, significant at the 0.1% level, and more than Ll per cent greater 
than the elasticity of the average age of capital as indicated by equation 
(6.1.4). The estimation of equation (8.1.12) which corrects in addition 
to the level of activity represents further support for the main conclusions 
derived from equation (6.1..8). It is beneficial for industry to rely less 
and less on older vintages of capital and to work hard in the direction of 
modernizing the capital equipment they use. 
The simultaneous introduction of the degree of capacity utilization 
and the correction for the vintage of capital allowed 67.5% of the residual 
of the traditional specification (8.1.9) to be explained. The introduction 
of the degree of capacity utilization alone allowed a 35°° explanation of 
the residual of equation (6.1.8). 
It is to be noted that all the coefficients of equation (8.1.12) are 
highly significant except the coefficient of older vintages of capital. The 
latter is significant at the 10% level. However, if the older vintages of 
capital variable is removed, (equation (8.1.13)), all other variables 
coefficients remain highly significant while the explanatory power corrected 
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for the degrees of freedom fell slightly from 0.987, equation (8.1.12), 
to 0.985, equation (8.1.13). 
7. Correcting for the degree of capacity utilization, the structure 
of capital and for the vintage of plant and machinery: 
In the estimation of the Cobb - Douglas form of production function (8.2.1h), 
labour is measured by the numbers employed, capital is measured by modern 
plant and machinery and a correction is introduced for the degree of capacity 
utilization. Equation (8.1.14) provides a further support for equation 
(7.1.12) where the correction for the degree of capacity utilization by the 
former indicates that the elasticity of modern plant and machinery is still 
the dominant and most significant as compared with the negative and statis- 
tically insignificant coefficient of the older vintages of plant and machinery. 
If the older vintages of plant and machinery variable is removed 
equation (8.1.15) the explanatory power corrected for the degree of freedom 
improves slightly and the coefficients of the remaining variables stay highly 
significant. The introduction of a correction for the degree of capacity 
utilization equation (8.1.15) allows more than 325 of the residual of 
equation (7.1.14) to be explained. If it is recalled that modern plant and 
machinery represents those with vintage seven years and less, this finding 
may thus be regarded as further support for the view that it nays to rely 
less and less on old plant and machinery and to insist more and more on 
acquiring the most up to date equipment. This view is supnorted even more 
when a correction for the degree of capacity utilization is introduced. 
CHAPTER IX 
THE MEASUREMENT OF IIBOUR 
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THE M ASURENENT OF LABOUR 
A: Theory: 
With the exception of equation (5.24) above all other equations 
assume homogeneity of the labour factor and this is unrealistic. Age - 
sex composition, skill, education, etc., in short structural and quali- 
tative aspects of labour vary from one firm to another and from one 
industry to another. Today's worker is undoubtedly more skilful, better 
educated and more highly trained than his temporal predecessor. 
By learning new skills, a worker is able to more to a better job 
either in the same industry or in another industry where he will receive 
greater pay as a remuneration for his increased marginal contribution to 
output. If some industries tend to employ higher quality labour (or 
mainly males), then it may be that in these industries wages are the 
highest. To the extent that labour moves into higher paying industries, 
such movement will show up as inter- industry technical progress. In 
other words part of the technological progress will be due to the re- 
allocation of resources from the relatively backward to the progressive 
industries. In this case the technological progress achieved is mainly 
the outcome of learning by doing as distinct from' - 
(a) investment in new capital equipment that incorporates 
the latest technical improvement, and 
(b) investment in technology 
In Chapter V it is shown that ignoring the heterogeniety of labour 
involves a wrong specification which is likely to introduce bias in the 
estimated technical efficiency as well as in the estimated coefficients 
of other input factors. Also it is pointed out that there are dangers 
in relying on wrongly specified production functions in projecting the 
amount of resources necessary to achieve certain levels of activity at 
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a future date. One way of expressing qualitative aspects formally is - 
O = f(Ls, ñ, K, A) (9.1) 
where Ls and L1 refers to skilled labour and non -skilled labour respectively. 
Although equation (9.1) does not explicitly express the need for a 
distinction between qualitative and structural aspects of capital it is 
understood that such improvements must not be disregarded merely because 
of the attempt to improve the measurement of labour. In order to avoid 
repeating what has already been said as well as complicating the equation 
forms and the discussion, K will be used to express capital in the way in 
which it has already stipulated rather than in its literal sense. 
In the absence of data on the number of skilled labour, which is the 
case for British as well as Scottish manufacturing industries in 1962, 
average hourly rates, and average weekly earnings are usually recommended 
as proxies for labour quality. The formers, which are not available on an 
industry basis but on an occupational basis, may be overshadowed by lags 
and leads in wages disputes and settlements and back -dated payments involved. 
If average weekly earnings are used as a proxy for labour quality, 
then higher than average weekly earnings may simply reflect a greater 
number of weekly hours worked, i.e. increased intensity of labour utili- 
zation, rather than higher skills. They may thus reflect a mixture of 
the strength of labour bargaining power, labour quality and the degree of 
capacity utilization. 
On the other handy average hourly rates are distorted as a proxy of 
quality by the fact that differences in wage rates might neglect compen- 
sation for inferior jobs, worse working conditions, etc., rather than 
increased skill. 
The sex structure dimension is rich in data availability for British 
and Scottish manufacturing industries. It provides a chance for improving 
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the specification of labour and thus allowing the estimated production 
function to be much more useful in assessing inter- industry efficiency.(1) 
Also it proves promising in laying down policy recommendations. Since 
it is known that women are, in practice, employed in jobs requiring less 
skill, then in addition to reflecting sex structure, a distinction 
between males and females reflects in part labour quality. However, 
there is a point of weakness in sex data in particular as well as in 
employment figures in general. The official statistics do not distin- 
guish between part -time and full -time, the statement being made that 
"Part -time workers are counted as equivalent to whole -time workers". 
Thus the distinction between males and females becomes, in one hand, 
necessary since it is known that women are concentrated more in part -time 
jobs, while on the other hand the distinction between males ancyfemales, 
without allowing for the above mentioned fact, biases the reflected relative 
efficiencies of males versus females; it would exaggerate somewhat the 
true difference. 
B: Application: 
The form used to distinguish between males and females is:- 
0 = f (m, Lw, K, A) (9.2) 
where Lm and w refer to male and female employees respectively. 
In order to correct for labour and capital structure, the following 
form is used: - 
0 = f(Ln, LN, Ko, A) (9.3) 
where all variables are defined above. 
(1) Reference should be made here to the improvement made in recent years 
by combining age /sex structure via assigning weights according to the 
relative wage rates of others to adult male wage rates. It is preferable 
on the grounds of saving degrees of freedom when they are so much needed. 
Nevertheless, this approach is inferior to. a direct distinction approach 
because of the arbitrariness of the weights used. 
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The estimates of (9.2) and (9.3) and other equations which take account 
of the vintage of capital, and /or the degree of capacity utilization for 
British manufacturing industries are given by the top section of Table (9.1). 
The equations which take account of the structure of labour and /or the 
structures of capital for Scottish manufacturing industries are given by 
the other section of Table (9.1). 
In investigating the effect of correcting for the structures of labour 
the main emphasis is laid on the need to avoid the specification error 
which results from treating all labour as homogeneous when there is a 
large and significant difference between males and females elasticity. 
Such an error is likely to impart a bias in the estimated tèchnical 
efficiency (as well as in the estimated coefficients of the production 
function). 
Moreover, the consistency of the estimates arrived at will be indicated 
by regarding the simultaneous effect of correcting for the structure of 
labour and avoiding other sources of specification errors (see Chapters V, 
VI, VII: and VIII) as follows. 
Firstly correcting for the structure of labour only in - 
(a) the production function which explains net output: 
1. Equation (9.1.2) for British manufacturing industries 
indicates that the males elasticity is 2.4 times as 
large as the females elasticity. 
2.. Comparing equation (9.1.2) with (6.1.4) indicates that 
the amount explained of the residual as a result of 
correcting for the structure of labour alone exceeds 
18;% 
3. Equation (9.1.17) for Scottish manufacturing industries 
shows that the males elasticity is 2.8 times as large as 
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Table (9.1) Sex structures in the specification of the Aggregate Production Function 
No. Dept. Constant Males Females All Assts. 
Coefficient of 
Plant & Other Modern Assets Degree Intermed 
Abst. Log Abst. Log Abst. Log Machinery Structures All Plant & of cap- iates 
Abst. Log Log Log Machin- acity 




1 NO -4161 
2 1nN0 2.6V 
3 1nN0 2'857 
L, NO -40'80 
5 1nN0 2.824 
6 GO -26'5 
7 1nG0 1.846 
8 GO -22.8 
9 1nG0 1.868 
10 1nN0 2.770 
11 1nN0 2'946 
12 LnNO 2.979 
13 LnNO 3.071 
l<+ 1nN0 3'077 

















British Manufacturing Industries 
0.895 0'835 0.381 
(0.095) (0'139) (0.055) 
0.542 0.223 0.290 
(0.060) (0.035) (0.048) 
0.538 0.223 0.176 0.115 
(0.070) (0.036) (0.080) (0.118) 
0.966 0.926 0.472 
(0.105) (0.160) (o085) 
0.576 0.229 0.243 
(0.058) (0.036) (0.042) 
0.870 0.646 0.293 
(0'083) (0'140) (0.058) 
0.165 0.073 0.131 
(0.037) (0'023) (0'045) 
0.902 0.658 0.349 



































Scottish Manufacturing Industries 
0.788 0'664 0'413 
(0'102) (0'171) (0.092) 
0.596 0.213 0.225 
(0.086) (oo)l)i) (0.079) 
0.846 0.802 0'499 
(0.104) (0.176) (0.131) 
0.623 0.219 0.189 
(0.08o) (ooyi) (0.067) 
0.779 0'356 0.166 
(o' 073) (o. 1W1) (0.088) 
0.168 0.057 0.0972 
(0.036) (0.019) (0.0486) 
0.791 0.373 0.204 
(0.070) 
178 
( °'145) (0.105) 
0.081 


















0.1073 0.9975 0'9969 
(0.0027) 
0.621 0.9891 0.9866 
(0.049) 
0.1093 0.9972 0'9966 
(0.0027) 
0.635 0.9889 0'9865 
0.113 
(0.003) 
o668 0.9913 O'9893 
(0050) 
0.204 0.9977 0'9972 
(0003) 














the females elasticity. Moreover,,comparing equation 
(9.1.17) with (6.1.12) indicates that the amount 
explained of the residual exceeds 8%. 
(b) the production function which explains gross output: 
1. Equation (9.1.7) indicates that the :Hales elasticity in 
British manufacturing industries is 2.3 times as large 
as the females elasticity. Comparing equation (9.1.7) 
with (6.1.6) shows that the amount explained of the 
residual exceeds ' . 
2. Equation (9.1.21) for Scottish manufacturing industries 
shows that the males elasticity is 2.9 times as large 
as the females elasticity. Moreover, comparing equation 
(9.1.21) with (6.1.15) indicates that a 2% of the residual 
is explained. 
Secondly correcting for the structure of labour and for the structure 
of capital - 
(a) in the production function which explains net output it is 
indicated that: 
1. the males elasticity for British manufacturing industries 
is 2.5 times as large as the females elasticity, see 
equation (9.1.4). Comparing equation (9.1.4) with (7.1.4) 
the amount explained of the residual as a result of 
correcting for the structure of labour is 10.x. 
2. in Scottish manufacturing industries, equation (9.1.19), 
the males elasticity is 2.9 times as large as the females 
elasticity. of the residual is explained; Compare 
equation (9.1.19) with (7.1.16). 
(b) In the production function explaining gross output of British 
and Scottish manufacturing industries (equations (9.1.9) and 
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(9.1.23)) the males elasticity is 2.4 and 3.0 times as large 
as the females elasticity respectively. The amount explained 
of the residual is 2; (compare equation (9.1.9) with (7.1.9) 
for the British sector). 
Thirdly, correcting for the structure of labour, for the structure of 
capital, and for the vintage of capital: - 
Equation (9.1.13) for British manufacturing industries indicates that 
the males elasticity is 2.3 times as large as the females elasticity. 
Comparing equation (7.1.11,.) in which a correction is made for the 
structure and vintage of capital (and from which other types and 
vintages of capital variable is removed on the grounds of low sig- 
nificance) with equation (9.1.13) which corrects in addition for the 
structure of labour, indicates that almost 10% of the residual is 
explained by correcting for the structure of labour. 
Fourthly, a correction for the structure of labour and for the degree 
of capacity utilization is made. It is important to note that the number 
of employees given by the official statistics and hence used in the estimates 
of this study ignores the distinction between full -time and part -time. 
Since females are concentrated in part -time employment more than males, 
then taking account of sex structure is likely to correct partly for the 
degree of capacity utilization (unless a correction is introduced for the 
average number of hours worked). The implications of this remark are: - 
1. The simultaneous effect of correcting for the structure of 
labour and the introduction of the degree of capacity utilization 
provided an explanation of the residual lower than the sum o:i the 
explanation provided by introducing the two corrections separately. 
The findings as provided by equations (9.1.10), (9.1.11), (9.1.111.) 
and (9.1.15) indicate' that the simultaneous correction for the 
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structure of labour and for the degree of capacity utilization led 
to a considerable loss in the sharpness of the degree of capacity 
utilization coefficient. Its significance can be attained on the 
0.20 instead of 0.01 level. 
However,the considerable difference between males and females 
elasticities is not affected by the lower significance of the 
degree of capacity utilization's coefficient. The ratio of the 
former to the latter is more than 2. 
2. Leaving out of consideration theaverage hours worked by males and 
females, the number of employees is likely to over- estimate the 
flow of females services relative to the flow of male services 
and, consequently, under- estimate the relative contribution of 
females vis- a -vis males towards the production processes. An 
evaluation of the likely bias is not attempted by this study. 
The implication of these findings, from an econometric point of view 
is revealing; it indicates the necessity for taking account of the 
structural aspects of labour, if a more accurate specification of the 
labour factor in the production function is to be achieved, as well as if 
the bias otherwise involved is to be avoided. The main source of bias is 
the considerable difference between the output elasticities with respect to 
males and females and the considerable stability in the estimated difference.(l' 
The policy implication of this finding is treated in Chapter V. There 
is, however, one more aspect of the implication of this finding in practice. 
The aggregate production function is a tempting tool for the comparison of 
inter- industry efficiency as well as inter- temporal technological progress. 
(1) The difference between males and females elasticities is statistically 
significant at the 1% level. 
By ignoring the structure of labour, the relative Technical Efficiency 
(or the rate of technological progress) of those industries which employ 
more females will be biased downwards and of those who employ mainly males 
will be biased upwards (even if part -time employees are counted with 
greater accuracy). 
CAPTER X 
SCIENTIFIC AND TECHNOLOGICAL 
EFFORT 
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SCIEJTIFIC AND TECHNOLOGICAL EFFORT 
A: Them: 
Technological progress in the narrow sense is mainly the outcome of 
scientific and technological effort. In any industry this effort 
originates from both that industry and industries supplying plant and 
equipment, raw materials, fuel, components and other services. It can 
also be required from specialized research and development establish- 
ments and from abroad through imports. 
The main products of scientists and technologists' effort is the 
"Production of knowledge" which is defined as any activity by which 
someone learns of something new to him. Thus disclosure, dissemination, 
communication, diffusion and creation of knowledge becomes part of a 
wider concept of "production of knowledge ". 
As an economy develops and as a society becomes more complex, 
efficient organisation of production, research and development, on -the- 
shop floor productive activities, foreign trade, and government, etc., 
require increasing division of labour between "knowledge production" and 
physical production. A quite remarkable increase in the division of 
labour between pure "intellectual activity" and largely physical perform- 
ance has occurred in all sectors of economic and social organisations. 
The intellectual activities would thus extend beyond the familiar 
research and development activities to those more concerned with co- 
ordinating the production and application of technical knowledge to 
production, administration, the assessment and marketing of physical 
output (or services), in short, scientific management. Scientific and 
technological activities should also incorporate the efforts of those 
who are concerned with the implementation of research and development 
output on- the -shop floor. These three basic scientific functions have 
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been selected to represent most of the scientific effort in industrial 
firms. 
The line taken by this study is mainly to assess the contribution 
of scientific and technological effort within the framework of productive 
activities, giving due regard to basic scientific functions. Also an 
allowance for variations in the structure and quality of the labour force 
and capital equipment, as well as the level of activity, ought to be 
regarded. 
It should be noted that the process of technological innovation 
within a given production system is a self -generating one. An economy 
would prosper faster and be able to sustain a steady rate of growth if it 
enjoyed a growing number of scientific brains complementing, (or compen- 
sating for any deficiency in), other natural resources. The contribution 
of scientific brains used to be treated as an indistinguishable part of 
technological progress. The presumption is the of an initial 
scientific base.(1) 
In order to widen further the scientific base so as to meet the 
growing need for intellectual activities,the growth of an economy should 
allow the needed expansion in educational facilities. Whether the causal 
relationship runs from the growth of Gross National Product to the educa- 
tional system to increasing the scientific base or from the scientific 
base to the growth of Gross National Product is immaterial, since it is a 
self- generating cycle. The self - generating process of technological 
innovation is illustrated by chart (10.1) with special emphasis on the role 
(1) An economy may live temporarily on hired scientific effort but 
to sustain and increase the rate of its development it should 




































of Qualified Scientific Manpower which is broken down into four basic 
functions as follows: - 
(a) the teaching function is essential in the wider context of an 
economy though it has to be taken as given when the study covers 
only manufacturing industries or individual .firms. This part 
has been indicated in the chart by surrounding the teaching 
function and the educational system by broken line emphasising 
its exogeneous nature vis-a-vis the underlying model. 
(b) The managerial function plays a dominant part in the educational 
system, the productive system, and the process of technological 
innovation, etc. A distinction has been drawn between scientific 
and non -scientific management. The intention is to stress the 
importance of scientific management in speeding the rate of 
technological progress. 
With a wider base of scientifically minded management supporting 
non- scientific executives, theprocess of technological innovation 
is expected to be more efficient. As far as technological creation 
and application is concerned, scientific management is regarded as 
responsible for choosing amongst a wide range of projects, and in assess- 
ing for each the potential growth and commercial possibilities. On 
the diffusion front scientific management is in a position to appreciate 
the technological progress embodied in marketable capital equipment, 
raw materials and fuel, etc. They thus aid the diffusion process 
by introducing new and improved equipment, processes, components, etc. 
Even if the latest technological improvements are not marketable due 
to technical lead and industrial secrecy considerations, a scientific 
management is invaluable in spreading technological knowledge through 
links with other leaders in the field. 
The managerial activities affect directly the productive process by 
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selecting the product mix, which also extends to the share of new 
and improved products in the total production. It is also vital 
for deciding upon the degrees of utilization and the appropriate 
combination of input factors where the state of art and technology 
allows such flexibility. The dominant role of the managerial . 
function in all aspects of firms' activities is indicated by chart (1). 
This chart also allows for the increasing part played by scientists 
and technologists in modern management. Social scientists as 
effective managers are not an exception; however, they are unfor- 
tunately excluded by definition from the triennial surveys of 
Qualified Scientific Manpower.(1) 
(c) The necessity of a wide base of "intellectual contribution" on -the- 
shop floor cannot be dispensed with by qualified scientists and 
technologists occupying managerial posts and research and development 
activities. Although they cannot be regarded as creators of 
technological innovation, their part in the application and 
diffusion of technical innovations is obvious. They represent 
the basic link between the research and development department and 
the production department, and are the specialists who both appreciate 
the products of the research and development and ensure its approp- 
riate application on a commercial scale. Moreover, they appreciate 
and recommend the instalment of capital equipment, raw materials, 
components, etc. which incorporate the latest know -how. 
(d) The role of research and development effort whether it is represented 
by the main contributors "brain workers" or by all research and 
development expenditures in the process of creating technological 
innovation is well known. The majority of the previous work in 
the "production of knowledge" has concentrated on this particular 
(1) It is to be noted that the U.K. is one amongst the very few countries 
which exclude social scientists from scientific manpower surveys. Most 
other countries do include them, though may favour recording them 
separately. 
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area of scientific effort. The research and development effort 
does not stop in practice with the discovery and first commercial 
production of, say, a raw material. For instance, in the plastic 
industry case the first commercial production was only the start. 
It was followed by years of applied research and development work 
to explore the potential applications, to modify the material and 
create a variety of grades suited to each application, to blend it 
with other materials, to improve and cheapen the production process.(1) 
A productive unit having a large number of Qualified Scientific Manpower 
doing applied research anctevelopment in a given field will find it easier 
to explore other related fields. Advances in any one field studied by a 
research and development team will help progress in closely related fields. 
Even when the technological lead of invention and innovation is gained by 
another competitor at home or abroad, firms with a large team of scientific 
and technological researchers are frequently the first to imitate the 
process. This is possible because research and development in all 
technologically advanced firms is proceeding to some extent on similar 
lines so that when a major new discovery is made in one of them, the teams 
in other leading firms are able more quickly to assimilate and imitate it. 
Moreover, frequently, the obstacles to imitation may be with patents rather 
than in the lack of know-how. Furthermore, the giant firms possessing 
larger research and development department are in a position to reach an 
agreement with one another for the exchange of know-how and any firm with 
its own research and development projects to offer may be able to obtain 
favourable terms. 
(1) C. Freeman. "The Plastic Industry: A Comparative Study of 
Research and Innovation". N.I.E. Review, 
Vols. 26, 1963. pp. 22-62. 
- 195 - 
Whether to use research and development expenditures or scientific 
personnel to approximate the input of scientific effort in research and 
development is mainly a matter of coping with an existing data situation 
more than being based on technical considerations. On the one hand the 
real technology innovation effort when measured through expenditures may 
be obscured by the fact that the purchasing power of money deteriorates 
over time. Measuring the speed of technological innovation of a given 
industry by the employment of scientific and technological personnel, 
other things being equal, will give a clearer picture of its technological 
progress. On the other hand, the use of the number of qualified scientific 
manpower employed on research and development is not free from criticisms. 
In an inter -temporal and inter- industry situation, the changes and varia- 
tions in the employment of Qualified Scientific Manpower could be volatile 
and almost accidental if there was a strong case of purchasing technological 
knowledge embodied in the factors of production used, in the method of 
production, and a greater possibility of substitution between Qualified 
Scientific Manpower and other professions. For instance, if some chemical 
firms hired many chemists and others relied extensively upon either other 
industries (such as research and development firms) or other types of 
workers where substitution is possible, then any underlying continuity of 
an industry's effort in technological innovation effort would not ensure 
continuity of Qualified Scientific Manpower employment. 
A distinction has been made on the chart between development and design 
on the one hand and research on the other. This distinction is drawn not 
in order to claim any clear -cut division between the two activities, but 
rather to stress the widely accepted notion that in an industrial firm 
there is generally no place for academic, basic or pure research. The 
latter is mainly the pre -occupation of universities, non -profit organi- 
zations, and mainly or heavily government- financed projects. All these 
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are regarded here as falling within the scope of educational system and 
other sectors of the economy and therefore, may be taken as exogeneous 
to the production system. 
The process of technological innovation may benefit the final product 
directly through the introduction of new and improved production methods 
and changing the pattern and mix of products so as to meet changing tastes, 
provide greater satisfaction, and fulfil increasing needs. Technological 
innovation may effect the production process through changing the type, 
the form, the quality and the degree of utilization of resources. For 
instance the introduction of new and improved methods, processes, equipment, 
raw materials, human skills, etc., which embody the latest know -how are 
some aspects of the attempts to increase the efficiency of resource utili- 
zation and may aim at cost minimization. In other words, greater new and 
improved output is being produced with greater efficiency and less resources. 
These direct and indirect effects of technological innovation on the produc- 
tion process is being indicated by the chart as research and design affecting 
directly the productive process through new and improved processes and methods, 
capital, raw material, fuel and components etc. 
It is highly likely that the trend is in favour of substituting qual- 
ified Scientific Manpower for other types of personnel in deserving activities, 
rather than substituting lower qualifications for jobs used to be filled by 
Qualified Scientific Manpower. Also, a rational recruiting policy is 
likely to be adopted by management. In the sense that they do not employ 
Qualified Scientific Manpower in jobs below their full ability. A highly 
Qualified scientist wastes his precious time in "tubewashing" or an engineer 
doing the work of a draftsman are examples of misallocation of scarce 
resources. In a situation of manpower shortage market prices would not 
reflect the value of Qualified Scientific Manpower. It follows that a firm 
will employ, say, an engineer up to the point where the output attributable 
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to him is at least equal to the salary being paid to him. Yet, from a 
social point of view, he could still be used more efficiently elsewhere. 
However, the situation of mis -use of Qualified Scientific Manpower should 
not be extended to the special dynamic problem of hoarding Qualified 
Scientific Manpower by some firms either in the expectation of future 
contracts or in order to demonstrate their capacity to perform additional 
work prior to a successful bid for a contract.(1) The question of the 
more effective utilization of highly qualified personnel is receiving some 
attention but apparently not as much as it deserves. Some of the efforts 
of Scientific manpower could be saved through greater operational flex- 
ibility, by increasing the ratio of technicians to engineers and research 
scientists in order to reduce the amount of "test tube washing" and "paper 
shuffling" engaged in by highly qualified personnel. Of course variations 
in such a ratio from one industry to another are partly the result of 
different research demands, the degree of mechanization, and the types of 
goods produced, etc. Further within an individual industry there is also 
wide range in the ratio. Here it is to be noted that handing over to 
technicians and supporting staff more and more of the work previously done 
by highly qualified personnel in an attempt to achieve better allocations 
of resources, involves modification of some productive and research and 
development techniques. 
Thus Scientific effort is likely to be the main contributor to the 
process of application and diffusion of technological innovation. That 
process itself is an important part of technological progress. Measuring 
scientific effort by the input of Qualified Scientific Manpower involved in 
three basic scientific functions covers the aspects of managerial effectiv- 
ness, inventive- innovative output achieved by the research and development 
(1) A. A. A]J an, K.J. Arrow and W.M. Capron "An Economic Analysis for 
Scientists and Engineers ". The Rand Coron. 1958. 
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function, and the efficient commercial application on- the -shop floor by 
Qualified Scientific Manpower. 
Scientific effort broken down to these three functions should greatly 
help the explanation of the productive process, growth and variations. 
It is supposed to reflect both the direct and indirect effects of techno- 
logical innovation process on the output produced. The direct effect 
involves increased, new and improved products. The indirect effect 
involves saving in resources utilization or cost minimization. 
.sun iöna: 
Further assumptions associated with the present study of scientific 
effort are as follows: - 
1. The only motive behind the employment of Qualified Scientific 
Manpower in an industrial firm is a genuine place for their 
efforts in the firm's activities. 
2. Qualified Scientific Manpower are homogeneous. 
3. The number of Qualified Scientific Manpower performing a given 
scientific function represents the scientific input of that 
function towards the production process, i.e. the stock of 
Qualified Scientific Manpower surveyed at a given time is 
assumed to represent the flow of their service during the 
concerned period. 
The implications of assumption (1) are: - 
(a) There is no "conspicuous consumption" of Qualified Scientific 
Manpower in the sense that they are not employed for prestige 
or "window dressing" reasons. However, the conspicuous 
consumption could be a testable hypothesis but made assumption 
because it is in practice extremely difficult to test . It 
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should be necessary to discover cases in which some firms 
persistently made less progress, lower efficiency, and poor 
profits, etc. than others in similar conditions except for an 
appreciable increase in the percentage of Qualified Scientific 
Manpower employment.` 
(b) The "band wagon effect" is not the main reason for increasing the 
density of Qualified Scientific Manpower, (i.e. the ratio of 
Qualified Scientific Manpower to total employees). It may be 
that the large number of Qualified Scientific Manpower already 
in employment are likely to recruit more Qualified Scientific 
Manpower in turn.(1) 
Assumption (2) implies that Qualified Scientific Manpower who perform 
a given scientific function are homogeneous. Clearly this assumption is 
an abstraction from reality though it is resorted to for practical consid- 
eration imposed by data availability. It is obvious that scientific 
talent, imagination, drive, and experience etc. do vary from one individual 
to another depending upon personal character, the qualifications obtained, 
the duration of study, the training in various courses, and the years spent 
in performing certain types of work, etc. Moreover, the same talented 
person would do much better if equipped with greater facilities, relieved 
from "Test -tube washing" and "paper shuffling ", surrounded by an encouraging 
atmosphere and directed towards carefully planned projects, etc. If data 
were sufficient it would have been preferable to allow for such factors so 
as to satisfy the requirements of a standardized Qualified Scientific 
Manpower concept. 
(1) This situation is similar to what is traditionally known as the 
'Parkinson's Law' which implies that administration tends to 
create more work for more administratives. 
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Assumption (3) implies that each qualified individual works on the 
average a number of hours similar to that of the rest of qualified personnel. 
The rationale of this treatment is based on the prevailing convention in 
practice that Qualified Scientific Manpower are seldom rewarded for the 
extra hours they spend in order to meet the obligation of their duties. 
Otherwise,the number of "standard scientific hours" would be the only 
sensible measure of the flow of Qualified Scientific Manpower services. 
C: Regj nna.1 Cnmparisnn e ISei P f i - Cnntzi bauti nn to Prc du .ion : Thy; 
Generally speaking, inter -regional disparities in any area of economic 
endeavour may lead to broad economic difficulties and create additional 
economic disparities among various regions and more difficult tasks for 
the planners. If things are left completely free from government inter- 
vention, regional disparities may affect among other things: - 
(a) the population flow between regions 
(b) the size, quality, and interest of educational institutions 
(c) the ability to recruit (or preserve already employed) 
highly trained labour and highly qualified personnel 
(d) the location, entry, growth and specialization of new 
and established firms 
(e) the balance between broad economic sectors and the 
structure of each sector. 
As far as Qualified Scientific Manpower is concerned, the question is 
not what difference is there between an existing inter- regional distribution 
of scientific talent and the optimum allocation, since the answer to that 
question may not exist. A more practical attitude is to evaluate the 
extent to which there are in fact inter -regional disparities in scientific 
talent and pin -point the Privileged and underprivileged areas. It may be 
be necessary to watch the trend of scientific talent within the under- 
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privileged areas and perhaps to compare rates of change of the number 
of Qualified Scientific Manpower of the less privileged was with, say, 
the national average. If a tendency towards deterioration remained or 
intensified, steps should be taken to correct such deterioration in 
order to avoid widespread problems. 
An alternative method is to compare the relative contribution of 
Qualified Scientific Manpower towards the productive process between 
two regions at a given point in time using the production function. 
In fact this is the line taken by the present study, though scientific 
talent evaluation and comparison is limited to the research and development 
effort because of data available. The year is 1962 and British Manufac- 
turing Industries and Scottish Manufacturing industries are the two cross - 
sections studied. 
The line taken here is that the employment of Qualified Scientific 
Manpower in research and development is the main factor of scientific 
effort devoted mainly to attaining a technological lead or catching up 
with technical leaders. The inventive- innovative effort of the research 
and development personnel is, moreover, regarded as the main component of 
investment directed at improving technology in the future. In other words, 
the production of to-day should be regarded as a function not only of 
currently employed resources but also of the resources devoted in previous 
periods for improving technology. Furthermore, as has been proved to be 
the case, the current productive process benefits not only from lagged 
inventive innovative effort, but also from current effort. 
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D: Application: 
There is increasing awareness that a production function that expresses 
output as a function of the conventional factors of production tends to be 
less accurately specified by leaving out scientific effort devoted to current 
production as well as scientific effort devoted to improving technology. 
The result is to bias upward the estimated variance of technical. efficiency. 
An explicit introduction of scientific effort in the production function, on 
the other hand should tend to improve its specification, should reduce the 
bias involved, and provide a better understanding of strategic factors in 
technological improvement. 
(a) The suitability of a1_ternative forms for application: 
The form of production function to be used in evaluating the scientific 
effort must be rather modest comrared with form (5.21.) above in the sense 
that it must contain far less explanatory variables. This is necessitated 
by the lack of sufficient data on scientific personnel, e.g. Research and 
Development employees are the only obtainable figures for Scottish manufac- 
turing industries. Also the availability of only 23 observations makes it 
difficult to meet the requirements of a fairly comprehensive production 
function. A suitable form of production function may be:- 
0 = f(L, K, R, F, M, A) (10.1) 
where R measures Research and Development effort either as expenditures 
or Qualified Scientific Manpower employed on research and development 
activities. F refers to the employment of qualified Scientific Manpower 
on- the -shop - floor. M represents the employment of scientific and 
technological management. 
In applying eaua.tion (1.0.1_) to British manufacturing industries, the 
presence of multi -collinearity was the reason for abandoning it in favour 
of a more simple form, which either combines all three functions of 
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scientific effort in one figure, i.e. total scientists and. technolo- 
gists (Ts) in the form: - 
0 = f(L, K, Ts, A) (10.2) 
which, since it requires knowledge of total qualified personnel, is only 
applicable to the United Kingdom; or the form that can be applied to 
both British Manufacturing industries and. Scottish manufacturing industries, 
which is:- 
0 = f(L, K, R, A) (10.3) 
An equally applicable form for British manufacturing industries is:- 
0 = f(L, K, F, A) (10.4) 
Also the possibility of a lagged effect on the productive process 
will be investigated by an equation of the form: - 
Ot = f(Zt, Kt, Rt s, A) (10.5) 
where Rt is the research and development effort that was undertaken 
s years ago. The length of s in a simple lag form may be estimated 
rather than assumed. However, Rt may as well be replaced by a 
distributed lag of research and development activity though the limited 
data available prevents application here. 
Therefore, the model has been adapted according to equations (10.2) - 
(10.5) so as to allow for estimating the contribution that results from 
scientific effort in a form that affects measured industrial. product. 
That is, the production efficiency or technical efficiency measure based 
upon the national product concept will be biased upwards to the extent 
that output increases brought about by new products, improved processes, 
and production techniques etc., are not attributed to their main creators. 
(b) The explicit introduction of research and development in the 
British function: 
Table (10.1) presents the results of introducing the research and 
development separately and in combination with other improvements in the 
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specification of the production function of British manufacturing 
industries. The single improvement of regarding the input of research 
and development will be regarded here. 
The estimation of the Cobb - Douglas form of (10.3) above, which 
explains net output is given by (10.1.1). (10.1.1.) indicates that 
the research and development coefficients is significant at the 10% 
level. 
The lack of sharpness of the research and development coefficient 
is attributable to the multicollinearity brought about by the high 
correlation between the research and development personnel and capital 
variables reaching 0.60. In spite of the indicated multicollinearity, 
the introduction of the input of science in the specification of the 
Cobb- Douglas net output function allowed 11% to be explained of the 
residual of the traditionally specified production function (6.1.4). 
Moreover, the less powerful the effect of multi- collinearity on 
the research and development coefficient, the greater is the percentage 
explained of the residual due to the introduction of scientific input 
into the production function. 
In the Cobb Douglas net output function (01.4.7 ), the research 
and development is measured by expenditure rather than scientific 
manpower. The correlation of the former with capital being 0.51 is 
lower than the correlation between capital and research and development 
personnel. The sharpness of the research and development coefficient 
is increased to become significant at the traditional 5% level. Moreover 
the percentage explained of the residual rose to l6/ 
In the linear production function explaining gross output (10.1.43) 
all the coefficients are significant at least at the 2% level. The 
percentage explained of the residual of (6.1.5) due to the introduction of 
scientific manpower in research and development reached 25 %. 
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The multi- collinearity of the unrestricted Cobb -Douglas form 
explaining gross output (10.1.5) produced a large decrease in the 
sharpness of the capital coefficient which can only be significant 
at the 30% level but indicated the coefficient of research and devel- 
opment to be significant at the 1% level. In spite of the existence 
of multicollinearity in the estimated production function (10.1.5) the 
percentage explained of the residual of the traditionally specified 
production function (6.1.6) due to the introduction of research and 
development reached 28.5 %. 
In spite of the fact that multicollinearity is producing similar 
effects in both the net output and gross output functions, it seems 
that the harmful effect of multicollinearity is reduced by offsetting 
factors in the case of the gross output function.(1) In order to 
indicate the consistency of the findings of British manufacturing 
industries with the findings of the Scottish manufacturing industries 
as well as the consistency of the findings with respect to the explicit 
introduction of the input of research and development function, the 
gross output function in its linear and unrestricted forms provide 
interesting suggestions. 
(I) Since the variance of the ith coefficient is equal to the product 
of the ith element of the principal diagonal inverse matrix and 6 2 
it is possible to see how the adverse effect of multicollinearity 
is offset by other factors in the gross output function. Comparing 
the net output with the gross output function, shows that the 
explanatory variables of intermediates and thus the inverse matrices 
are different. Moreover, the variable of intermediates enjoys, 
considerable degree of sharpness Wnich led on the average to a 
smaller than its net output counterpart. Tl1us it is likely that 
the different inverse matrix and the small 62 of the gross output 
functions are effective in reducing the harmful effect of multi - 
collinearity caused by the high correlation between capital and 
research and development to the extent of increasing the sharpness 
of the coefficients of the two variables. 
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(c) The Scottish function estimates: 
The estimates of the production function which introduces the input 
of scientists and technologists in research and development in Scottish 
manufacturing industries are given by table (10.2). It is to be noted 
that the correlation between the input of research and development and 
either capital or plant and machinery is 0.70 and 0.72 which is greater 
than its counterpart in British manufacturing industries. The effect 
of multicollinearity tends to reduce .. considerably the significance of 
the capital and plant and machinery coefficients rather than the signifi- 
cance of the coefficient of research and development in the gross output 
functions (10.2.4), (10.2.5), (10.2.7) and (10.2.$) while in the net 
output function, similar to the British sector, the significance of the 
research and development coefficient is the one affected. It is significant 
at the 30`, 1 level. 
In spite of the existence of multicollinearity and in a_ree-nent t,;ith 
the British findings the explicit introduction of the input of research 
and development in the Scottish gross output function led to an explanation 
of a large proportion of the residual of the traditionally specified 
production function as follows: - 
1. Comparing the unrestricted Cobb Douglas form (10.2.4) which 
introduces the input of research and development, with its 
traditional counterpart (6.1.15), indicates that the amount 
explained of the residual of the former exceeds 1$i. 
2. Comparing the linear form (10.2.7) with its counterpart (6.1.13) 
shows that 36 of the residual is explained through introducing 
the research and development. 
3. If the low significance capital is eliminated from the Cobb - 
Douglas form (10.2.3) and the linear form (10.2.6) while the 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































of the residual of the traditional production functions rise 
to 20% and almost 39% respectively. The sharpness of the 
research and development coefficient rises even more than in 
(10.2.4) and (10.2.7). 
(d) Scientific effort in the net and gross output functions: 
A closer investigation of the estimated output elasticities with 
respect to research and development scientists and technologists, labour 
and capital is suggestive. In particular it is noted that the ratios 
of the research and development contribution to the contribution of either 
labour or capital in gross output function are several times larger than 
their counterpart ratios in the net output function in both British and 
Scottish manufacturing industries as follows: - 
1. In British manufacturing industries the net output function 
(10.1.1) the percentages of the research and development 
contribution to the contribution of labour and capital are 
5.9r and 16.2% respectively. The corresponding percentage 
in the gross output function (10.1.5) are 17.$% and 75.5v. 
2. In the net output function for Scottish manufacturing industries 
(10.2.2) the two percentages are 5.5% and 17.5%. The corres- 
ponding percentages in the gross output function (70.2.4) are 
17a/ and 997.1' respectively. 
In view of the probable effectiveness of the multicollinearity in 
distorting the relative contribution of research and development to 
capital, the large difference which still persists between the relative 
contribution of research and development to labour in the gross and net 
output function is still indicative. Esnecially if the earlier finding 
of a sharper research and development coefficient which are recorded by 
the gross output viz -a v iz net output functions is added. The two 
findings together suggest that it is likely that the response of the 
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gross output to the research and development effort is stronger than 
net output response. Therefore it can be tentatively suggested that 
the findings of this study are consistent with the spill over effect 
of research and development effort view although'the "evidérice is riot 
conciùsivé. In other words the above findings seem to suggest that 
the rewards of research and development effort is unlikely to be confined 
to the originating industry. The technical 
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the correlation between research and development and plant and machinery 
is greater than between the former and the stock of all fixed assets. 
The same applies to the modern vintages of plant and machinery and 
modern fixed assets. It is interesting to regard that the contribution 
of the modern vintages of capital and plant and machinery is still 
indicated greater than the contribution of average age capital and plant 
and machinery even if research and development is introduced in the 
specification of the production function. This tendency remains unaffected 
when combined improvements are regarded. 
The findings presented above in (b), (c) and (e) indicates that the 
production function which excludes the input of research and development 
involves an error of specification which is likely to impart bias into 
the estimated technical efficiency as well as the coefficients of other 
input factors, (see Chapter XI). 
CHAPTER XI 
SCIENTISTS AND TECHNOLOGISTS IN 
THE SPECIFICATINO OF THE 
AGGREGARE PRODUCT IN 
FUNCTION 
- 211 _ 
SCIENTISTS AND TECHNOLOGISTS 
IN THE SPECIFICATION OF 
THE AGGREGATE PRODUCTION FUNCTION 
The intention in this chapter is to bring together the main ideas 
of the study, to provide a condensed summary of the findings obtained 
so far and to furnish further evidence with respect to the contribution 
of various forms of scientific and technological effort to industrial 
product. 
In section 'A', a brief outline of the model in its general form 
is provided; Section 'B' summarises the results of the a!,terrâpt made 
in Chapters VI - IX to improve the specification of capital, labour and 
the production function. Section 'C' is concerned with developing the 
theory for dealing with the various forms of scientific effort. 
In Section 'D' the results of estimating the contribution of the 
scientific effort in research and development undertaken in Chapter X 
is summarised. Section 'E' investigates the lagged effect of the 
contribution of scientific effort in research and development. 
Section 'F' reports the results of investigating the scientific 
effort in managerial activities. In section 'G' the contribution of 
scientific effort on the shop floor is investigated. Section 'H' provides 
general concluding remarks. 
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A. A hri of rnit'.l i ne 0f the NIc ea 
It is advanced that the aggregate production function that expresses 
output as a function of the conventional factors of production tends to be 
inaccurately specified because: - 
(i) the quality and the structure of capital and 
labour are often ignored, 
(ii) the level of activity is not corrected for, and. 
(iii) the scientific effort is not explicitly introduced. 
From the statistical point of view the accuracy of the specification 
of the aggregate production function would suffer from wrongly specifying 
the main input factors of labour and capital and from ignoring a correction 
for disequilibrium in the level of activity. Errors of specification of the 
aggregate production function itself and the labour and capital_ factors would 
result in serious statistical bias in the assessed parameters as well as in 
the technical efficiency progress). Such errors 
of specification would further lead to unsound policy recommendations. It 
follows that an appropriate treatment of the efforts of scientists and 
technologists would necessitate the use of an accurately specified aggregate 
production function as well as employing correctly specified factors of 
production. Such a production function should be modified so as to allow 
for assessing the contribution of scientific effort in the form that affects 
measured industrial product. Otherwise the assessment of technical 
efficiency based upon industrial product will be biased upward to the extent 
that output increases brought about by new products, improved processes and 
production technique, etc. are not attributed to their main creators. 
The most probable benefits of improving the specification of the 
aggregate production function itself through the introduction of scientific 
effort and correcting for the degree of capacity utilization (as well as the 
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accurate specification of labour and capital) are: - 
(i) breaking down the residual element so as to 
discover strategic factors in economic growth, 
(ii) reducing the aggregate bias through correcting 
for many inter -industry differences, 
(iii) reducing the bias otherwise involved in assessing 
technical efficiency (or technological progress), 
and therefore improving the capability of the assessed production function 
for policy and prediction purposes. 
The attempt to avoid the above - mentioned sources of statistical bias 
is essential from a policy consideration point of view. Chapter V, above, 
considers the implications for policy of relying on less accurately 
specified aggregate production functions and wrongly specified factors of 
production. The above statistical considerations are further recommended 
on theoretical grounds. Owing to the obvious limitations of those models 
which regard technological progress as entirely of an organizational nature 
as well as the limitations of those models which regard technological progress 
as dependent upon gross investment, the present study favours a more general 
model. In this model it is recognised that:- 
(i) some of the technical efficiency (or technological progress 
is generally embodied in newly produced capital and thus a 
distinction is introduced between modern and old vintages of 
capital. In particular, some technical efficiency (or 
technological progress) is embodied in newly produced plant 
and machinery and thus a further distinction is made between 
plant and machinery and other types of capital structures. 
Some of the technical efficiency (or technological progress) 
is embodied in educated, well trained and highly skilled 
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labour, thus a distinction between various oua_lities and 
structures of labour is necessary. 
(iii) A significant part of technical efficiency (or technological . 
progress) is due to scientific effort; thus scientific 
effort is explicitly introduced in the aggregate production 
function in order to allow for the contribution of scientific 
effort and to reduce the bias otherwise involved in assessing 
technical efficiency (or technological progress). The 
addition to knowledge is further increased by observing a 
distinction between scientific effort devoted to current 
activities and that aimed at investment in improving future 
technology. 
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B. A Summary 
The traditionally specified production function was looked upon as 
the starting point. The efforts made to improve the suitability of the 
algebraic form of the nroduction function for testing interesting 
hypotheses such as returns to scale, the degree of competition and the 
size of the elasticity of substitution are briefly regarded. Moreover, 
the attraction of the experimental approach in application is emphasized. 
On the estimation problem, the simultaneous equation bias which is 
likely to affect the single equation least squares estimates is referred to. 
Also the views opposing the appropriateness of cross sections of inter- 
industry production functions in favour of micro studies and the counter - 
views advocating the necessity of the former for macro understanding are 
presented. The main limitations of the inter - industry production functions 
lies in the aggregate bias. It is the main occupation of the present, study 
to reduce the aggregate bias which results from the erratic specification 
of the input factors and the production function itself (See Chapters V and 
VI). The view is put forward that the steps necessary to reduce errors of 
specification should proceed the attempt to deal with the simultaneous 
equation bias. 
Five algebraic forms of the traditional production function were 
estimated for both the net output and grows output of the British and 
Scottish manufacturing industries. The estimates of the gross output 
function tend to support the findings of the net output function. Also 
the corresponding Scottish functions tend to be close to and support the 
estimates of the British functions. 
The estimates of the restricted Cobb - Douglas form are indicated to 
be inferior to the estimates of the unrestricted Cobb Douglas form. A 
slight suggestion of increasing returns to scale is provided by the latter 
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form for the two sectors. However, it is statistically insignificant. 
Also the test of returns to scale in an inter -industry situation suffers 
from the arbitraness of industrial classification and the possibility that 
large industries may be composed of small firms and vice versa. 
It seems difficult to prefer the fit of either the linear or the 
unrestricted Cobb Douglas form on the other. The superiority of the 
two forms on the two semi log. forms is evident. Yet the satisfactory 
performance of the two semi log. forms may suggest that a transcendental 
form is likely to be acceptable on statistical and economic grounds. 
Application of such a function is made difficult by the relatively small . 
number of observations available. 
The consistency of the estimated output elasticities is supported 
generally by the close agreement of the estimates of the British and 
Scottish sectors with each other and with the previous studies on the U.K. 
Broadly speaking the labour elasticity is almost two thirds of the sum of 
labour and capital elasticities and the capital elasticity account for the 
remaining third (see Walters, 1963). 
Commenting on the elasticities estimated by the traditionally 
specified production function, it is pointed out, is likely to be biased. 
The bias involved is dominantly caused by aggregate bias and partly by 
management bias. Chapters VI - XI are set out to deal empirically with 
the main sources of aggregate and management bias. In the remainder of 
this section a summary is made of the main steps taken to reduce the 
detrimental effect of aggregate bias and the results of application. 
The effect of the explicit introduction of scientific effort in improving 
the specification of the aggregate production function will be presented 
by sectiorsP -- G. 
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(a) Improving the specification of capital via a distinction between 
modern and old vintages. 
Although two dimensions are known of capital quality, viz. the rate 
of technical. improvements in capital goods industries and the vintage of 
capital, only the latter enjoyed application in practice. It is emphasized . 
that an estimation of the aggregate production function which disregards 
the vintage of capital involves a mis- specification of the input of capital 
that is likely to result in biasing the estimated technical efficiency (or 
technological progress) as well as the estimated parameters of the aggregate 
production function. 
The difficulty of getting data sufficient for comprehensive application 
of the vintage models resulted in a limited application of theory in practice 
so far. It involved regarding the vintage of capital through estimating 
production function for a cross -section of plants whose vintage is the 
same,' It is known as a modified vintage production function since the age of 
capital is regarded implicitly through considering the output prod.ucable by 
a certain vintage of capital and the labour operating this capital. 
A method is introduced in order to draw a distinction between only two 
vintages of capital because of the limitations of existing data. Gross 
investment net of depreciation is integrated for each type of capita]_ over 
a period of seven years in order to estimate modern stock capital. Older 
types of capital stock are estimated by integrating gross investment net 
of depreciation and retirement over the rest of the life span of each type 
of capital. The estimated aggregate production function which incorporates 
the two vintages of capital showed that the contribution of the modern 
capital is on the average 40.7 per cent more than the contribution of the 
average age capital. Most interesting is the finding of a significant 
and negative contribution of older vintages of capital which is consistent 
with the mainly empirical view adopted by some industrialists which is the 
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older vintages of capital stand as a heavy burden in the way of 
industrial growth and efficiency. 
Moreover, correcting for the vintage of capital allowed on the 
average I.7 per cent of the residual of the traditionally specified 
production function to be explained and led further to a considerable 
increase in the sharpness of labour coefficient, (to the standard error), 
from 13.1 times in the traditional function to 17.3 timer in the above 
function. 
The following concluding remarks are thus suggested: - 
(i) A serious bias is likely to be involved in assessing 
the technical efficiency and /or the coefficients of 
the production function if no distinction is drawn 
between various layers of capital vintages. 
(ii) that if capital formation is allowed to proceed. at 
a high rate such as to alter the balance in favour 
of modern capital, then a considerable increase in 
the efficiency of capita].., industrial growth and 
technical efficiency are likely. 
(iii) that in forecasting or planning full employment 
output for a future date, a measurement of 
capital that ignores a distinction between high 
quality and low quality may result in under- 
estimating the potential full employment output 
if capital formation proceeds at a rate faster 
than the one experienced during the period used 
in forecasting and vice versa. 
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.(b) Improving the specification of capital via: - 
(i) a distinction between various structures of capital 
and, in particular, plant and machinery and other 
structures, 
and 
a) a combined distinction between capital's structures 
and vintages. 
An earlier attempt to establish a distinction between three types of 
capital structure, namely, plant and machinery, buildings, and vehicles, 
was faced by multicollinearity, mainly because of the high correlation 
between various structures of capital. Then a distinction between 
plant and machinery and other structures of capital was adopted as an 
alternative. 
The estimates of net output and gross output functions, in which 
a distinction is drawn between plant and machinery and other infra- 
structures, for British and Scottish manufacturing industries are all 
affected by multicollinearity. Yet, in most cases it is found that the 
sum of the estimated elasticities of the two types of capital structure 
are close to the estimated elasticity of all fixed assets. This 
consistency indicates that the multicollinearity is not detrimental to 
the estimates of the elasticities of capital structures. 
A higher significance and a considerably greater output elasticity 
with respect to plant and machinery (exceeding 2.7 times) v s -á -vis 
other capital structures is also found which may suggest: - 
1. that a measurement of capital which ignores a distinction 
between various tyres of capital involves a mistaken 
specification that .niáy` result in an overstatement of 
the level of the estimated technical efficiency (See 
Section 'B' of Chapter V). 
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2. that a planned full employment level of output for a 
future date which is based on extraprolating capital 
requirements ignoring the structure of capital, is 
likely to be understated if the rate of forming plant 
and machinery overtakes the rate of accumulating other 
types of capital. 
Furthermore, the lesser capacity to contribute, combined with the 
lower level of significance of the infra -structure coefficient is note- 
worthy. From a statistical measurement point of view, the ability of 
the plant and machinery variable to be representative of the capita]_ 
factor is improved by excluding the infra -structure variable . The 
explanatory power of this production function exceeds that of the 
traditionally specified function which measures capital by the stock 
of all fixed assets. It thus seems likely that the explanatory power 
of capital as a whole is derived mainly from the plant and machinery 
component. Therefore, it may be reasonable to advance the view that 
even in the absence of significance of other types of capital, plant 
and machinery is by and large a better representative of the contrib- 
bution of capital to output than is total capital. 
It is found that an increase in the degree of disaggregating 
capital is limited by the increase in the effect of multicollinearity. 
In order to investigate the combined effect of correcting for the 
structure and vintages of capital two equations are regarded with respect 
to British manufacturing industries. In the first, capital is disaggre- 
gated into modern vintages of plant and machinery and the rest. Alter- 
natively other structures of capital were excluded and a distinction is 
made between modern and older vintages of capital. The findings indicated 
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by estimating either functions are consistent with each other. The former 
indicates that:- 
1. the output elasticity with respect to modern plant and 
machinery is statistically significant, and on the 
average 14.1.95 larger than the average age plant and 
machinery. The output elasticity of the rest of 
capital (i.e. all fixed assets minus modern vintages 
of plant and machinery) is negative and has low level 
of significance. This finding is consistent with the 
previous finding with respect to modern and older vintages 
of capital and supports the view that older vintages of 
capital (and particularly of plant and machinery) is a 
handicap for industrial progress and efficiency. 
2. The combined correction for the structure and vintages 
of capital allowed on the average 20' explanation of the 
residual of the traditionally specified production function. 
This finding and the preceeding one support the view that 
a measurement of capital which ignores the distinction 
between various vintages of various structures is likely 
to impart an upward bias in the estimated technical efficiency. 
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(c). Improving the specification of the aggregate production function 
through allowing for disequilibrium in the level of activity. 
In spite of the fact that the measure of the degree of capacity 
utilization employed viz. the ratio of employees in employment to insured 
employees, suffers from theoretical limitations, yet the results of the 
empirical application are revealing. 
(i) The general conclusion which can be derived from the estimates of 
Chapter VIII for British manufacturing industries are: - 
1. It seems highly unlikely that the British industries did adjust 
themselves to the prevailing phase of trade cycle in 1962. This 
is suggested by the significance of the coefficient of the degree 
of capacity utilization at the 1 per cent level whether the 
production function explains net output or gross output. It is 
interesting to note that the significance of the coefficient of 
the degree of capacity utilization is left unaffected when 
corrections are made for the structure of capital, for the 
vintage of capital or for a combination of both. 
2. The significance of the coefficient of the degree of capacity 
utilization is not affected by the form of the production function 
used. The linear and the Cobb-Douglas forms which explain net 
output and gross output indicate that the coefficient of the 
degree of capacity utilization is significant at the 1 per cent 
level. 
3. The introduction of the level of activity in the specification of 
the aggregate production function allowed on the average a 30 per 
cent of the residual of the traditional specification of production 
function to be explained. 
I. The output elasticity with respect to the degree of capacity 
utilization is on the average greater than six times the sum 
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of the two elasticities of labour and capital, in na.rticular, at 
the level of activity prevailing in 1962. 
It is, however, unlikely that such a high elasticity will be 
estimated at other levels of activity. It is likely that the 
ratio used to measure the level of activity here is partly 
responsible for reflecting such a high degree of output 
response to the level of activity. 
Moreover, it may be that the variable used to measure the 
degree of capacity utilization stands as a catch -all for other 
influential factors which are not allowed for such as the scale 
of operation. It is known that the labour productivity is 
strongly affected by the degree of capacity utilization. What 
the present evidence suggests is that the technical efficiency 
is likely to be influenced to a large extent by the level of 
activity. 
5. The reflected considerable response of the flow of output to the 
degree of capacity utilization seems to suggest profound policy 
implications. Broadly speaking the supply side seems to require 
consideration more than what is being given at present in 
managing the economy. 
6. The introduction of the degree of capacity utilization does not 
only increase the explanatory power of the production function 
but also leads to an improvement in the sharpness of the 
coefficients of labour and capital. In short it may be regarded 
as essential to improving the specification of the aggregate 
production function. 
Correcting for the degree of capacity is thus indicated to have 
the virtue of reducing the statistical bias involved in the 
mistaken specification of the aggregate production function in 
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the particular case when the equilibrium assumption may not 
apply for the considered industries. This bias is likely to 
result in distorting, the assessment of technical efficiency, 
the output elasticity with respect to labour, and the elasticity 
with respect to capital. It may be added that the degree of 
capacity utilization is most useful in correcting for the mis- 
specification of labour and capital in the production function 
especially-when either or both are represented by a measurement 
of stocks rather than a service flow for which less information 
is available. 
E) Chapter VIII gives also the estimates of the production function 
which is corrected for the level of activity for Scottish manufacturing 
industries net output and gross output which indicate that: - 
1. A considerable response is reflected for the flow of output to 
the degree of capacity utilization. The estimated output 
elasticity with respect to the level of activity is close to 
that estimated for British manufacturing industries which may 
be regarded as a sign of the consistency of the data estimates 
for Scottish manufacturing industries. It is to be noted, 
however, that the significance of the coefficient of the degree 
of capacity utilization is achieved only at the 10 per cent level. 
2. In spite of the low significance of the coefficient of the degree 
of capacity utilization, a correction for the level of activity 
allowed on the average for an $ per cent and 7 per cent explanation 
of the residual. Moreover, the sharpness of the labour and 
capital coefficients has improved due to correcting for the 
level of activity. 
It is likely that the ratio used for measuring the degree of 
capacity utilization becomes less representative of the actual 
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capacity utilization when applied to Scottish manufacturing 
industries than in the case for British manufacturing industries 
because of the clear indication of chronic unemployment in the 
majority of Scottish manufacturing industries over the 1.3 months 
preceeding June of the year of investigation in 1962. 
:(d) Improving the specification of labour through a distinction 
between males and females. 
In the applications of chanters VI - VIII, the homogeniety of labour 
is implicitly assumed. Since this assumption is unrealistic it has to be 
relaxed. Age -sex composition, skill, education, etc., in short structural 
and qualitative aspects of labour vary from one firm to another and from 
one industry to another. The sex structure of the employed labour is 
regarded in chapter IX for British and Scottish manufacturing industries. 
The quality of labour is regarded in the following chapters X and XI through 
drawing a distinction between scientists and technologists and other labour.(1)' 
(1) It is also to be noted that it is evident that the contribution of 
labour towards the productive activity is largely a function of the 
level of education and training (general and specific), they received 
as well as the experience they gained. Given the available data on 
an industry level up to 1962 it was not possible to introduce a 
correction for the level of education though it would have been 
preferable to do so. Unless a direct relationship can be assumed 
between the level of education an industry requires and the number 
of qualified scientific manpower she employes, no correction for the 
level of education can be claimed. Though such an assumption is 
appealing in the sense that an industry which is a large employer 
of qualified scientific manpower seems likely to have a special 
appetite to highly trained labour to ensure a smooth communication 
and capability in applying the developed and improved techniques, 
ideas, processes and products. This is suggested by finding an 
extremely high correlation between the number of qualified scientific 
manpower in research and development and the supporting staff in 
industry (the data is provided by the third triennial survey of 
scientific and technological manpower in Great Britain). Never- 
theless, no such assumption is adopted and the limitation of the 
lack of correction for the level of education is emphasized. It 
is, moreover, recommended that the level . of education must be 
regarded, data permitting, in future research. 
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It is emphasised that ignoring the heterogeniety of _Labour involves 
a wrong specification which is likely to introduce bias in the estimated 
technical efficiency as well as in the estimated coefficients of other 
input factors. Also it is pointed out that there are dangers on relying 
on wrongly specified funôtioh in projecting the amount of resources 
necessary to achieve certain levels of activity at a future date. 
Drawing the distinction between male and female employees in the 
net output and gross output functions of British and Scottish manufacturing 
industries indicated that: - 
Firstly: there is a large and statistically significant difference 
between the males and females elasticities. The contribution of males 
is on the average 2.4 and 2.$ times as large as the females elasticity in 
British and Scottish manufacturing industries respectively. 
The large difference between the contribution of males vi$ -a -vis 
females in British manufacturing industries is consistent with the large 
difference between the average weekly earnings of males and females in 
all British manufacturing industries. The average weekly earnings in 
the second pay week in April 1962 for the full time adult male (21 years 
and over) is almost 2.1 times its counterpart for full time adult females 
(1$ years and over).(1) 
It is to be noted, moreover, that the estimated difference enjoys a 
-considerable stability even when other improvements in the specification 
of the aggregate Production function are introduced. 
However, the truedifference between the males and females contri- 
butions is most likely to be less than the estimated difference in view 
of the a priori grounds:-- 
(i) Ministry of Labour Gazette "Earning and Hours in April, 1962 ", 
Vol. 70, No. $, Aug, 1962 pp. 295 - 303. 
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1. The monthly statistics of labour do not distinguish between part - 
time and full -time employees and it is known that females are concen- 
trated in part -time jobs more than males. 
2. The average weekly hours of full time adult males (2.1 years and 
over) is longer than the average weekly hours of full -time adult females 
(1$ years and over). In the second pay week of April, 1962 in all British 
manufacturing industries sector these are 46.6 and 39.1 hours respectively. 
Leaving out of consideration the average hours worked by males and 
females, the nimber of employees is likely to over -estimate the flow of 
females services relative to the flow of male services and, conseouently 
under -estimate the relative contribution of females vis-a-vis males 
towards the production processes. An evaluation of the likely bias is 
not attempted by this study.(1) 
Secondly: regarding the distinction between males and females in 
the specification of the aggregate production function has led on the 
average to explaining lg`' and of the residual of the traditionally 
specified net output function of British and Scottish manufacturing industries 
respectively. Mioreover, the percentage explained of the residual reflected 
a steady increase according to the number of other improvements introduced 
to the specification of the aggregate production function and the other 
factors of production (see Chapter IX). 
The implication of these findings, from an econometric point of view, 
is revealing; it indicates the necessity for taking account of the 
structural aspects of labour, if a more accurate specification of the labour 
factor in the production function is to be achieved, as well as if the 
bias otherwise involved is to be avoided. The main source of bias is 
(1) A simple correction for the ratio of male to female earnings 
according to the length of hours worked per week indicate that the 
ratio of overage hourly earnings is almost 1.7. 
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the considerable and statistically significant difference between the 
output elasticities with respect to males and females and the consider- 
able stability of the estimated difference. Also, these findings 
support the fears expressed earlier with respect to relying on less 
accurately specified production functions and input factors in 
projecting the amount of resources necessary to achieve certain planned 
levels of activity at a future date.(1) 
(_l_) There is, however, one more aspect of the implication of this finding 
in practice. The aggregate production function is a tempting tool 
for the comparison of inter -industry efficiency as well as inter - 
temporal technological progress. By ignoring the structure of 
labour, the relative Technical Efficiency of those industries which 
employ more females will be biased downwards and of those who 
employ-mainly males will be biased upwards (even if part -time 
employees are counted with greater accuracy). 
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C. aci en .i fi c r.;ffort : T en -: 
The contribution of scientists and technologists used to be treated 
as an indistinguishable part of technological progress. ?hen it was 
realised that breaking clown the third factor is a sound means of 
discovering strategic factors in economic growth, interest was then 
directed (among other things), at inventive - innovative activities. 
The numbers of patents and successful major inventions were two familiar 
candidates in studying the results of inventive- innovative activities. 
On the input side research and development expenditures and research and 
development personnel attracted most of the attention. Those studies 
which relied on research and development personnel recognised that the 
qualified scientific manpower is the dominant factor in the inventive - 
innovative process and that their creative ability is best in the fields 
they are most familiar with. The presumptive association between fields 
of inventions and innovations and the degí4ee of familiarity suggests the 
possibility of a positive association between the industrial distribution 
of research and development personnel and the output of inventive - 
innovative activities.(1) 
Two main points are worth noting with regard to that aprroach. 
The first is that amongst the scientific base, only research and 
development personnel appears to have acouired much interest. Even 
so, no distinction was made between nualified - scientific Lanpower and 
the supporting staff. The second point is that in this analysis it is 
implicitly assumed that creative men tend to be randomly distributed 
(1) It is to be noted that creative individuals are likely to prefer 
newer and therefore, more interesting fields. Similarly such 
funds as may be needed to finance inventive - innovative activity 
are likely to be more readily available for projects which the 
suppliers of the funds can appreciate. 
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among the main scientific functions. (1-) Neither point is in line with 
this present analysis. 
The line taken by this study in dealing with the effort of 
scientists and technologists is to assess the relative contribution of 
each one of three main scientific functions within the framework of 
productive activities. Due regard is thus given to a distinction 
among three main selected activities of scientists and technologists in 
manufacturing industries. These are, research and development effort, 
on- the -shop -floor activities, and scientific management.(2) 
It is obvious that the three types of effort differ in the nature 
of work carried out, in the activity towards which the effort is directed 
which is in turn affected by resource allocation between current productive 
activities and investment in improving technology, and in the length of 
time period during which scientific effort nays off (See Section E). 
The employment of flualified Scientific manpower on research and 
development is the main factor of scientific effort devoted mainly to 
attaining a technical lead or catching up with technical leaders. Thus, 
the inventive- innovative effort of the research and development personnel 
is regarded as one of the main components of investment devoted to 
improving technology. However, a wider scientific base is needed to 
support research and development effort. Innovations may reach the 
commercial production stage more rapidly if there is a sufficient number 
of Qualified Scientific Manpower on -the -shop floor able to link the 
(1.) See E. G. Schmookler and Brownlee, 1062. p.166. 
(2) If economic rather than productive activities were the framework 
chosen to investigate the effectiveness of scientists and technolo- 
gists' llffort, other scientific functions such as sales and after - 
sales services, scientific function should have been added. If the 
study exceeds theindustrial sector to the national level the 
education function is an additional candidate. 
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research and development department with the production department 
to appreciate research and development output and to manage its application. 
Scientifically appreciative management is also essential for directing 
and co- ordinating the scientific effort, assessing commercial growth 
potential of a given invention and /or a research and development project. 
They are best informed of the marketable capital eouirment, fuel and 
components that incorporate the latest know-how. Aso they are invaluable 
in establishing links with other leaders in the field. 
It may also be advanced that the effort of nua_l_ified Scientific 
Manpower on- the -shor floor is the main component of current scientific 
effort aimed at current productive activity. It may also be that part 
of the effort of scientific management as well as research and development 
personnel at a given time period can be regarded as contributing to the 
production of the same time period. 
The attempt made above (see Section B), to improve the assessed 
parameters of the aggregate production function may be regarded as 
necessary yet not sufficient. The view is advanced above that a 
measurement of technical efficiency based on industrial product will be 
biased upward to the extent that output increases brought about by 
scientific effort are not attributed to their main creator. It is also 
a cause for concern that the inaccuracy in the specification of the 
aggregate production function which results from leaving out of consider- 
ation scientific effort may well impart a bias in the assessed coefficients 
of labour and capital. 
The bias involved in assessing technical efficiency as well as the 
production function parameters due to ignoring scientific effort may be 
briefly attributed to:- 
(a) an error of specification of labour: since scientists and 
technologists are components of manpower, then a failure to 
-232 _ 
distinguish between qualified personnel and the rest of 
employees (as well as amongst various structures and 
qualities of other employees) will bias the assessed 
technical efficiency as well as the assessed parameters 
of the aggregate production function to the extent that 
there is a significant difference between the contribution 
of various types of manpower. 
(b) an error of specification of the aggregate production function: 
to the extent that scientists and technologists are effective 
contributors to the productive process, then a failure to 
incorporate scientific effort as a separate factor of production 
tends to render the production function less accurately 
specified via allowing other input factors, and in particular 
the third factor, to stand as a catch -all for their contribution. 
(c) an error of specification of capital: scientists and technolo- 
gists are the innovators of newly produced capital that embodies 
the latest know -how; in addition they are likely to be an influ- 
ential element in increasing the efficiency of modern equipment's 
utilization in industry. As a consequence, if scientific effort 
is ignored in specifying the aggregate production function, the 
assessed coefficient of capital will probably be biased to the 
extent that it has to represent partly the contribution of a 
missing yet particularly influential factor of production. 
It may be necessary to add that this bias may not be eliminated 
by taking into account the vintage of capital; probably the 
bias will affect the Parameters of the modern rather than older 
layers of capital. 
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As will be seen below, one of the virtues of increasing the accuracy 
with which the aggregate production function is specified through the 
introduction of scientific effort is to decrease the residual, i.e. to 
improve the assessed technical efficiency or technological progress and 
to improve the assessed parameters of labour and capital. However, 
"the addition to our knowledge" seems to be greater if a further dis- 
tinction among various components of scientific effort is observed. 
A measurement of scientific effort which regards only total 
employment of scientists and technologists ignores well known theoretical . 
aspects such as:- 
(a) the elements of risks and uncertainty, (which are most 
profound at firm level): These are characteristics of 
research and development effort more than on- the -shoe 
floor and probably other functions of scientific effort. 
(b) the decision to undertake a research and development 
project or programme is mainly a decision to allocate 
resources away from current production to investment in 
improving future technology. In other words it makes 
it possible in the future to use same amount of resources 
(currently used) to produce more output or use less resources 
to produce a given output. On the other hand scientific 
effort on-the-shop-floor cannot conceivably be regarded as 
directed, even partly, to other than current production 
activities. 
(c) It is another characteristic of research and development effort 
that a given innovation rarely pays off for the resources 
employed in its achievement instantaneously or in a period 
as short as one year. It follows that the contribution of 
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research and d.evelorment to industrial product is spread 
over more than one ?period of time perhaps in a distributed 
Sag form. On the other hand. it seems highly like3 y that 
scientific effort on- the -shoe -floor contributes to the 
productive ?process without delay. Scientific management 
is an influential element in the success of inventive - 
innovative activities. However, it is enually responsible 
for the productiveness of scientific effort on- the -shop floor. 
It is thus highly likely that a given part of scientific 
management effort shares with research and development the 
elements of risk and uncertainty as well as the sense of 
devotion to improving future technology. 
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D. The contribution of Scientific Effort in Research and Deve_lopm.ent: 
In this section it is intended to investigate the contribution of 
current research and development effort to current productive activities. 
The likelihood of a simple lag or a family of lags which contributes to 
a given productive process is regarded in section (E). 
The high correlation between scientists and technologists in 
research and development and various forms of capital produced multi - 
collinearity which tended to affect the sharpness of either the research 
and development coefficient or the capital coefficient. The distortion 
caused by multicollinearity is found to be most effective in the case of 
the estimates of the Cobb - Douglas net output function and almost harmless 
for the estimates of the linear form of gross output function of British 
manufacturing industries. In spite of the existence of multicollinearity, 
the estimates are revealing. The main findings of Chapter X are: - 
Firstly: improving the specification of the production function through the 
introduction of the input of research and development, the estimates of the 
British function indicate that: - 
1. In spite of the finding that the coefficient of research and 
development is significant at the 10% level, (other coefficients 
are significant at the 1% level), in the Cobb -Douglas net output 
function, the introduction of research and development provided 
on the average 15' explanation of the residual of the traditionally 
specified production function. If research and development 
expenditure is used instead of research and development personnell 
in the Cobb- Douglas net output function, the correlation of the 
former with capital being 0.51 is lesser than the correlation 
between capital and research and development nersonnel, the 
sharpness of research and development coefficient is increased 
to become significant at the traditional 5 per cent level and the 
percentage explained of the residual rose to 16 per cent. 
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2. the multicollinearity in the unrestricted Cobb Douglas form 
explaining gross output produced a large decrease in the 
sharpness of the capital coefficient which can only be signifi- 
cant at the 30% level but indicated the coefficient of research 
and development to be significant at the 1% level. In spite of 
that the percentage explained of the residual of the traditionally 
specified production function due to the introduction of research 
and development reached 28.5%. 
3. in the linear production function explaining gross output, for 
instance, all the coefficients are significant at least at the 
2i- level. The percentage explained of the residual due to the 
introduction of scientific manpower in research and development 
reached 255 >. 
In Scottish manufacturing industries, the correlation between the 
input of research and development and either capital or plant and machinery 
is greater than its counterpart in British manufacturing industries. The 
effect of multicollinearity tends to decrease considerably the significance 
of the capital and plant and machinery coefficients rather than the signi- 
ficance of the coefficient of research and development in the gross output 
functions while in the net output function the significance of the research 
and development is achieved at the 30% level. 
In spite of the existence of multicollinearity and in agreement with 
the British findings the explicit introduction of the input of research 
and development in the Scottish gross output Cobb -Douglas and linear 
functions led to an explanation of 1M and 36% of the residual of the 
corresponding traditionally specified production functions respectively. 
Thus, the findings in both the British and Scottish manufacturing 
industries indicate that the production function which excludes the 
input of research and development involves an error of specification which 
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is likely to impart bias to the estimated technical efficiency and the 
coefficients of other input factors. 
Secondly: a closer investigation of the estimated output elasticities 
with respect to research and development scientists and technologists, 
labour and capital is suggestive. In particular it is noted that the 
ratios of the research and development contribution to the contribution 
of either labour orcapital in gross output function are several times 
larger than their counterpart ratios in the net output function in both 
British and Scottish manufacturing industries. Even if it is accented 
that the large difference between the ratios of the contribution of research 
and development and capital is affected by multicollinearity, the large 
difference which still persists between the relative contribution of 
research and development to labour in the gross and net output function 
is still indicative. Especially if the earlier findings of the sharper 
research and development coefficient which are recorded by the gross 
output viz -a -viz net output functions are recalled. The two findings 
together suggest that it is likely that the response of the gross output 
to the research and development effort is stronger than net output response. 
Therefore it can be tentatively suggested that the findings of this study 
are consistent with the spill over effect of research and development effort 
view although the evidence is not conclusive. In other words the above 
findings seem to suggest that the rewards of research and development 
effort are unlikely to be confined to the originating industry. The 
technical efficiency of the average industry seems to benefit from the 
research and development success of other industries. 
Thirdly: regarding Scientific effort in research and development with 
other improvements in the production function specification is suggestive. 
The estimates of gross output functions indicate that the attempt to improve 
the specification of the aggregate production function through the explicit 
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introduction of numbers of scientists and technologists employed in 
research and development is consistent with most other improvements 
suggested by the previous chapters. For instance introducing the 
research and development in addition to:- 
1. Correcting for the vintage of capital provides an explanation 
to 41.$ of the residual of the traditionally specified. function. 
2. Correcting for the level of activity provides similarly 41.$5 
explanation of the residual. 
3. Correcting for the vintage of capital and the level of activity 
allowed 55.5 of the residual to be explained. 
Further aspects of consistency are reflected by the estimates which 
takes into account the structure of capital and other types of improvements. 
However, the multicollinearity is stronger in this case because the 
correlation between research and development and plant and machinery is 
greater than between the former and the stock of all fixed. assets. The 
same applies to the modern vintages of plant and machinery and modern 
fixed assets. It is interesting to regard that the contribution of the 
modern vintages of capital and plant and. machinery is still indicated 
greater than the contribution of average age capital and plant and machinery 
even if research and development is introduced in the specification of 
the production function. This tendency remains unaffected when combined 
improvements are regarded. 
A closer consideration of the output elasticity with respect to 
capital and output elasticity with respect to research and development 
seems to be suggestive. It is noted that the sum of the two coefficients 
is close to the elasticity of capital alone in the traditionally specified 
production function. Table (11.3) summarises the estimates of the 
estimated elasticities for British manufacturing functions. The estimated 
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Table (11.1) THE CORREI TION COEFFICIENTS BETWEEN SC1ENTISI'S AND 
itiGAUV ULUUI6 a AMU CAPITAL IN 1962 
R& D 
SMC BML 





All fixed assets .70 .60 .71 .62 .64 
All plant & machy. .72 .64 .75 .66 .68 
Modern assets .64 .74 .64 .68 
Modern plan:ex machy. .67 .77 .67 .71 
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coefficients given in that table are significant at least at theZW level. 
These estimates indicate that capital elasticity which is estimated by 
the traditionally specified production function is likely to be overstated 
as a result of ignoring scientific effort from the specification of the 
production function. 
It is to be noted that the overstatement of capital elasticity is 
indicated by the estimates of the production functions which corrects 
for either current or laged research and development personnel or 
expenditures. 
Moreover, the upward bias in the estimation of capital elasticity 
is indicated even if a correction for capital structure and /or vintage 
and for the degree of capacity utilization is regarded. 
This finding, which is supported by sections F - H, is consistent 
with the view that ignoring scientific effort in the specification of the 
production function is likely to impart a bias in the estimated coefficients 
of the production function. 
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Simple versus distributed lag of research and development contribution. 
There is wide acce-Dtance of the opinion that there are lags between 
industrial research and development effort, innovation results if any, and 
subsequent embodiment in capital eouient and /or organizational change. 
Thus, research and development effort may be related to industrial product 
with a lag. However, on theoretical grounds, it is more likely that a 
distributed lag of research and development effort is suitable for the 
sector of manufacturing industries. At a certain point of time it is 
likely that some of the results of research and development may be in 
the rising phase for some industries while for others they may be in the 
diminishing phase. Moreover, some gains from research and development 
effort are slow and take a long time to be exhausted for same industries 
(e.g. aircraft), while for others they are almost instantaneous and may 
render most of their benefit within a short period. (e.g. drugs). More- 
over, the process of research and development with regard to a new product 
or process does not, in practice, come to an end even after the stage of 
commercial launching, since further effort is needed to improve quality 
and to discover new ways of application. 
The determination of a distributed lag in research and development, 
if there is suitable data for a sufficient length of time, may follow a 
trial and error approach. In other words, various lag structures and 
orders may be experimented with in order to find the one which behaved 
in the best manner. Unfortunately, the data available on research and 
development effort carried out by British Manufacturing industries is 
insufficient to permit a lag specification. The number of scientists and 
technologists in research and development are available through the 
triennial surveys of Scientific and Technological Manpower in Great 
Britain. In order to make use of this data for the purpose of this 
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study, a laborious effort was undertaken to obtain an otherwise absent 
comparability between research and development personnel of the three 
relevant years (i.e. 1956, 1959 and 1962).(1 
In addition to the data problems, there is also the problem of 
multicollinearity which resulted from an extremely high correlation 
amongst research and development personnel of the three years. The 
correlation matrix is shown by Table (11.3). A change from a simul- 
taneous treatment of a (three years) distributed lag to a simple lag 
assessment became thus a necessity. 
The incorporation of the research and development effort undertaken 
at three discreet time periods in the same aggregate production function could 
be used to serve two Purposes. The first is to provide an assessment 
of the relative contribution of research and development undertaken at 
three different times. The second is to obtain estimated rather than 
arbitrary weights to combine the three research and development efforts 
in a special form of a distributed lag. That multi- collinearity prevented 
the realization of such purposes is not surprising in view of the high 
correlation amongst research and development personnel over the survey years. 
In spite of the above difficulties and qualifications, the evidence 
obtained, though indirect and tentative, seems to be consistent with the 
view advanced which favours a distributed lag rather than a simple lag. 
In order to avoid the above source of multicollinearity each research and 
development effort is introduced singularly into the specification of the 
aggregate production function. The estimates of the Cobb Douglas net 
output function which introduces research and development effort undertaken 
in 1956, 1959 and 1962 are provided by (11.4.2), (11.4.1.) and (11.4.4) 
respectively. The corresponding estimates of the gross output function 
are given by (11.4.10), (11.4.9) and (11.4.12). In consistency with the 
earlier remarks that multicollinearity caused by the high correlation 
(1) For the main sources of heterogeneity and the methods used to 
arrive at temporally comparable figures, See Chapter IV. 
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Table (11.4) The introduction of various forms of scientific effortilo 
of British Manufacturing Industries. 
Eqn.Dept. Constant Labour Capital Degree of 
No. All Modern capacity Research and .th 
utiliza- Development 
fl 




1nN0 2.060 0.7)1)1 0.279 
(0.054)(0'055) 
2 - 2.111 0747 0.262 
(0.052)(0.05 3) 
3 - 2.105 0'730 0'295 
(0056)(0056) 
4 - 2.081 0741 0.272 
(0.054)(0'055) 
5 - 1992 ` 0'743 0'256 
(0.053)(0.062) 
6 - 2.371 07)1)1 0.262 
(0.052)(0.053) 
7 - 2.288 0.731 0.280 
(0.052)(0.050) 
8 - 1.970 0.740 0 . 26 8 
(0.054)(0'057)ó 
9 lnGO 1.501 0231 00744 
10 - 1561 
(0.030)(0'0495)13 
0232 00735 




12 - 1.464 0.228 0.0538 
(0.029)(0'0493 
13 - 1.539 0.231 0.0851 
(0.032) (0.0537 
14 - 1.755 0'231 0.0776 
(0030)(0.047)-4 
15 - 1.690 0.222 00849 
(0029) (O.0)I)15 
16 - 1.430 0.228 0.0686 
(0.030)(0.0519) 
17 - 1.708 0.226 0.0981 3'357 
(0.026) (0.0438) (1.498) 
18 - 1.669 0.225 0.0986 3.619 
(0.027) (0.0450) (1.490) 
19 - 1.710 0.225 0.107 3.958 
(0.028) (0048) (1530) 
20 - 1.729 0.216 0.111 4.020 
(0.028)(0'047) (1.526) 
21 - 1.907 0.217 0.123 3-269 
(0'023) (0'034) (l'250) 
22 - 1.886 0.216 0.125 3)1)16 
(0.023) (0.034) (1'237) 
23 - 1.9)1)1 0215 0.137 3693 
(0.024) (0.037) (1'279) 
24 - 1.943 0.210 0135 3'696 




















* Coefficient of research and development expenditures 
a Significant at the 10% level 
'02C 
ii*specification of the production function 
L ci the 
log of 
Scien- Total Inter - 
the- shop - 2 2 tific Scien- floor mediates R R manage- tists 































0.553a 0.971 0.966 
(0.317) 
0.660 0.9906 0.9886 
(0.046) 
0.655 0.9912 0.9893 
(0.0111) 
0.653 0.9893 0'9869 
(0.050) 
0.675 0.9916 0.9897 
(0'045) 
0.6)00 0.9894 0.9871 
(0.048) 
0.651 0.9909 0.9889 
( 0.655) 0.9913 0.9894 
(0'0111) 
0.661 0.9904 0.9883 
(0.047) 
0.638 0.9932 0.9912 
(0.041) 
0.642 0.9930 0.9910 
(0.042) 
0.627 0.9924 0.9902 
(0.042) 
0.635 0.9924 0.9902 
(0.0)1)1) 
0.618 0.9951 0.9937 
(0.033) 
0.620 0.9950 0.9936 
(0.033) 
0.608 0.9946 0.9930 
(0'034) 
0.613 0.9947 0'9931 
(0'014-) (0.03)j) 
at the 20% level 
at the 30% level and over. 
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Table (11.5) Introducing Scientific effort in research and 
Equn. 
No. 
Dept. Constant Labour Research and Devlt. 
1956 1959 1962 
1 1nN0 2'260 0'916 0.102 
(0.064) (0.032) 
2 - 2.346 0'903 0'105 
(0.061) (0.028) 
3 - 2.387 0.888 




5 - 2.008 0;870 
(0.060) # 




2.784 0.903 0.099 
(0.067) (0.032) 
8 - 2.001 0'887 
(0.063) 
9 1nG0 1'316 0.2V 0.0454 
(0'030) (0'0122) 
10 - 1.397 0.244 0'0429 
(0.031) (0'0119) 
11 - 1.353 0.227 
(0'034) 
12 - 1334 0'233 0'0497 
(0.028) (0.0113) 
13 - 1.333 0'243 




15 - 1.531 0.232 0o456k 
(0.030) (00120) 
16 - 1.241 0.236 
(0.030) 
Coefficient of Research and Development 
expenditures. 
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development into the production function which excludes 
capital. 
On the Managerial Total Inter - 
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between capital and research and development personnel, tends to affect 
the sharpness of the research and develorment coefficient in the net 
output function and the capita] coefficient in the gross output function. 
The respective levels of significance for the research and development 
coefficients are 57:, 20i , and 1.05 and the levels of significance of the 
coefficients of capital in the gross output functions are 20%, 20% and 
If the capital variable is removed all the coefficients of research 
and development of the three years becomes significant at the 0.1 level, 
(see equations (11.5.2), (11.5.1), (11.5.4), (11.5.10), (11.5.9) and 
(11.5.12) respectively). 
It is to be noted that the significance of the coefficient of 
research and development expenditures for the years 1956 and 1962 at 
the 5% level is achieved in the Cobb- Douglas net output function. The 
correlation between research and development expenditures and capital, it 
is to be recalled, is smaller than between capital and research and 
development personnel. 
The above estimates seem to be consistent T,'ith, rather than providing enough 
evidence to, the view that research and development tends to contribute 
to industrial production in the form of a distributed lag. 
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F." Scientific Management: 
The previous attempts to "free" the production function assessment 
from management bias (as well ?s to reduce simultaneous equation bias) 
was pioneered by Mundl.ak (1961) and Hoch (1962) through pooling time 
series and cross -section data and using the analysis of covariance to 
obtain consistent coefficients of the production function. Hoch, e.g., 
introduced a farm dummy variable, a temporal. dummy variable in addition 
to the general constant term. (1) The farm dummy variable is used to 
assess the management contribution in the technical efficiency of the 
farm. However, the farm dummy variable includes in addition to management 
contribution the effect of any factors that influence output but that are 
not explicitly represented in the production function specification. 
Masser' (1967) followed similar steps by pooling product and farm data 
cross-sectionally. 
It is obvious that the above approach uses covariance analysis in 
order to split the residual between farm effect and temporal effect and, 
therefore, is an :Indirect method of measuring management contribution. 
Moreover, it requires extensive data which proved to be often available 
in agriculture. 
In the present analysis it is advanced that the employment of 
scientists and technologists in managerial activities may be used to 
assess the contribution of scientific management, In an inter -firm 
study the introduction of scientific management may be used to assess 
(1) The form used is similar to:- 
ln Ojt = aoo + aoj + aot + al In Ljt + a K. + ujt 
where Ojt, I,jt and Kjt is the output Thbour and capital of the firm j 
in year t, anis a general constant term, aoj is a farm efficiency 
coefficient, aot is a time coefficient and ujt is the residual term. 
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management contribution in a scientifically oriented industry and thus 
it eliminates the management bias in the assessed production function. 
Scientific management is likely to be superior to thOddmuy variable as 
a measurement of management contribution.(1) Its use, in addition, is 
possible either in a cross -section or in a time series situation. The 
evaluation of the contribution of scientific management by the present 
study is limited by:- 
1. the implication of the view advanced above that part of scientific 
management's effort, particularly that effort concerned with allocating 
resources towards improving future technology as well as ensuring the 
productiveness of these resources, may be taken as affecting future 
activities. Moreover, it is advanced that the rest of their effort 
is spent mainly in managing scientific effort on -the- shop -floor as well 
as co- ordinating this effort with research and development effort, and 
thus may be regarded as contributing to current productive activities. 
The two views may be taken to suggest that it is likely that the scientific 
management contribution may be described by a distributed lag. However, 
the available data does not allow experimentation in that direction with 
the view of arriving at an appropriate specification of scientific manage- 
ment effort. 
2. the available data on scientific management is limited by the fact 
that it includes as well other activities such as sales, after sales 
services, etc. A further limitation is caused by the exclusion of all 
qualified social scientists from the Triennial Surveys who are well 
versed in management techniques (10 and (2) to gether amount to suggesting 
(1) Since Scientific management is part of management its use here 
is treated as a proxy of management effort, yet it is more 
direct compared with other measures. 
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the lower quality of the available data for the purpose of evaluating 
the managerial contribution. 
The application of the following foire: is suggestive 
0 = f (T.t, KA, C, M, A) (1.10) 
where 0, i1- KA, C and M refer to net output, total labour, all fixed . 
assets, the degree of capacity utilization, and the employed scientists 
and technologists in management; A is the technical efficiency term. 
Equation (1.10) thus corrects for the degree of capacity utilization 
as well as scientific management. The assessment of the Cobb -Douglas 
gross output function of (1.10) provided by (11.4.20), indicates that 
all the coefficients are statistically significant at least at 2O level. 
Moreover, it shows that the amount explained of the residual, accordingly 
exceeds 31% of its counterpart (6.1.6). Further, if the vintage of 
capital is corrected for in addition (11.1.21) the amount explained of 
the residual of the traditionally specified production function exceeds 5]`'. 
Some suggestions may now be made on the basis of these findings. 
These are: - 
1. that ignoring scientific management (as well as other functions 
of scientific effort) in the specification of the aggregate production 
function seems likely to introduce bias in the assessed technical 
efficiency as well as in the assessed parameters of the production 
function and, in particular, the output elasticity with respect to 
capital. = Ah overstatement of the capital coefficient, in agreement 
with the findings of Section D above, is shown to result from disregarding 
scientific input. 
2. that scientific management is likely to be influential factor 
in explaining technical efficiency. 
3. that scientific management as an input is likely to correct 
for mana.Rement effort and thus tends to reduce managerial bias. 
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However it is important to note that: - 
(a) The extremely high correlation between the number of scientists and 
technologists employed in managerial_ activities, research and develorment 
and the production department seems to be the main reason for the multi- 
collinearity which frustrated the attempt to assess simultaneously the 
relative contribution of each scientific function . 
CO The correlation coefficient between scientific management and the net 
stock of all fixed assets is relatively high (see table (11.i). It 
becomes greater with the net stock of plant and machinery and greater 
still with either modern capital or modern plant and machinery. In 
effect the attempt to improve the specification of the aggregate production 
function via allowing simultaneously for: - 
(i) scientific management 
(ii) the vintage of capital, and 
(iii) the degree of capacity utilization. 
resulted in a marked increase in the amount explained of the residual as 
indicated above. The price, however, is a deterioration in the signifi- 
cance of the coefficient of scientific management. Yet it remained 
greater than its standard error (i.e. significant at the 30"' level). 
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On- the -Shop -Floor Scientific Contribution: 
It was advanced earlier that the scientific effort on -the- shop -floor 
is concerned with current productive activities. In other words the 
on- the -shop -floor scientists and technologists may be regarded as the main 
scientific contributors to the production of the same time period.(1) 
The further implications of this view are: - 
(i) A distinction is necessary between scientific effort 
on- the -shoe -floor viz-a -viz other scientific functions, and 
(ii) the loss in accuracy in specifying the aggregate production 
function caused by ignoring the input of on- the -shop -floor 
scientists and technologists is likely to impart a serious 
bias to the assessed technical efficiency as well as to the 
parameters of that function. 
One of the direct means of investigating empirically the appropriateness 
of this view is to compare the contribution of science and technology 
on-the-shop-floor with the contribution of research and development and 
scientific management as derived simultaneously from the same aggregate 
production function. The main difficulty, it is to be recalled, lies 
in an unavoidable multicollinearity. 
Rather less direct evidence for the view that scientific effort on- 
the -shop -floor is most relevant to current productive activities may be 
obtained by comparing the output elasticity with respect to the input of 
scientific effort on- the -shop -floor with the elasticity of other current 
scientific efforts. In order to free such a comparison from the harmful 
(1) It is to be noted that the above comparison is drain between the 
contribution of on- the -shop - floor and other scientific inputs 
of the samé time period. It is highly likely that the contribution 
of, say an accurately specified distributed lag of research and 
development is greater than the contribution of a given year's 
research and development to the production of the same year. 
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effect of multicollinearity the input of capital is removed from the 
estimated production functions. The net output Cobb - Douglas function 
(11.5.3), (11.5.4) and. (11.5.5) indicate that the contribution of the 
on- the -shop -floor scientific effort is on the average one and half times 
the elasticity with respect of current research and development personnel 
and the elasticity of scientific management. Moreover, eouation (11.5.5) 
provides the highest explanatory Power amongst the three estimates. 
These findings amount to suggesting that the above view is probably 
appropriate for the sector of manufacturing industries. Moreover, the 
marked difference between the on- the -shop floor coefficient and the other 
two coefficients may be taken to suggest that the specification of scientific 
effort is likely to improve by observing a distinction between the three 
main scientific functions. This line is further supported through com- 
paring the contribution of all _ scientists and. technologists, (i.e. ignoring 
the suggested distinction amongst scientific functions), with the contribution 
of on -the -shop -floor Personnel alone (estimates (11.5. ) and (11.5.5). The 
estimates indicate that the contribution of scientific effort on- the -shop- 
floor to current prod.uction is on the average larger than the average con- 
tribution of all scientific manpower. Also the introduction of the former's 
input allowed greater explanation of the nroductive activity vis -á -vis the 
latter. 
These findings seem to suggest that it is likely that using the total 
number of scientists and technologists irrespective of the activities they 
are engaged in involves a mis- specification of scientific input. 
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H. Concluding Remarks: 
In this concluding section it is not intended to consider the main 
findings in detail since this is done by the previous sections of this 
chapter. A consideration of various aspects of applying the suggested . 
model in general terms is presented. 
Data represented by and large the main limitation of this study. 
By estimating unobtainable information the results in some cases 
inherited some source of weakness, and on the whole the interpretations 
and the suggested conclusions based on the estimated data must be 
treated with caution and at best have to be regarded as suggestive. 
The consistency of the findings of the estimates based on the estimated . 
data with the estimates based on the published data is a source of 
satisfaction. Also on the negative side of this study, multicollinearity 
(caused by the high correlation between some of the explanatory variables), 
frustrated the attempt to obtain a picture of the result of the effort 
aimed at avoiding the main sources of bias, sharper than the obtained one. 
However, time allowing, it should not be too difficult to find out a 
suitable deflator in order to reduce the causes of singularity of the 
explanatory variables matrix in some functions. ?specially those which 
try to introduce the inputs of various types of scientific activity 
simultaneously. 
On the positive side, the estimates obtained were on the whole 
statistically significant and suggestive. Although the traditional 
rule of 5 level of significance, in agreement with Professor Shcerer's 
view (1965), has to be relaxed especially in the case of studying the 
contribution of scientific effort. 
The estimates arrived at in this study seem to suggest that the main 
views are not contradicted empirically. In other words the views summed 
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up below may be regarded consistent in practice as they seem to be in 
theory. These are: - 
Firstly: the mis- specification of the input factors of labour and 
capital brought about by ignoring the distinction between various 
qualities and structures as well as the Jess accurate specification of 
the production function which is involved by ignoring a correction for 
the degree of capacity utilization and an explicit introduction of 
scientific effort is likely to impart a bias in the estimated technical 
efficiency as well as the estimated parameters of the aggregate production 
function. 
The findings are consistent in indicating that the amount explained . 
of the residual as a result of avoiding each source of bias is appreciable. 
Moreover, a larger and larger improvement in the estimation of the production 
function is achieved by avoiding more and more of the sources of bias 
simultaneously. 
The findings of applying the suggested improvements to the specification 
of the aggregate production function seem to be suggestive from policy 
points of view. They also indicate that the fears expressed by Chapter V 
of formulating present policy of future performances upon unsatisfactory 
or ad -hoc estimates seems to be largely supported and must be avoided as 




an overstatement of the capital contribution seems to be the 
ignoring the introduction of scientific effort as an explicit 
production. 
D - F. This finding 
and technologists are 
This is suggested by the estimates of sections 
seems to be in agreement with the view that scientists 
the innovators of newly produced capital that embodies 
the latest know-how as well as them being likely to be an influential 
element in increasing the efficiency of operating modern equipment in 
industry. The further implication of this finding is that capital 
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variable is likely to represent part of the contribution of scientific 
effort in the production function 1.hich disregards this effort as an 
input factor. 
Thirdly: the findings as a whole seem to be consistent with the general 
model which is suggested as an alternative to the growth models which 
are restricted by assuming that technological change is mainly: - 
(a) embodied in newly produced capital. equirment 
(b) disembodied or organisational, and/or 
(c) attributable to human experience. 
This model adopts the view that Hart, but only hart, of technical 
efficiency (or technological progress) is incorporated in newly produced 
capital. However, it advances further, that an appreciable part of the 
third factor may be attributed to scientific effort as an input factor 
influencing current and future productive activities. The further 
implication of the finding of an overstatement of capital coefficients 
including modern vintage of capital from the functions lAhich exclude 
scientific effort seems to suggest that the percentage of productivity 
growth attributed to capital deepening effect (i.e. K/L ratio) by previous 
studies (e.g. Solow (1957) and M ssel (1961)), are consequently over- 
stated. This finding also implies that the assumption that technological 
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In Appendix I, the print -out of the main data used for 
British manufacturing industries is provided first. It is 
followed by a print -out of some important regressions. 
In Appendix II the estimates of the restricted form of 
production function is provided. Also a comparison 
between the restricted and unrestricted forms is given. 
Appendix III deals with specification errors and some 
of the tests used. 
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APPENDIX I 
This appendix provides: - 
Firstly , aprint -out of most important variables used in the regressions for 
British manufacturing industries. It is to be noted that: - 
a) The number of each variable in its absolute and log. form as used in 
the sample print -out of some important regressions ,(see below) , is provided 
by columns 2 " 3 of the summary table on page 284b. 
b) The print -out of the variables is provided on pages 285 -290 in columns. 
The abbreviation given at the top of each column is explained by column 4 of 
page 284b, 
c) The'number(s) of the table(s) and the number of the page(s) in which each 
variable is given in the text are provided by columns 5 & 6 of page 281+b. 
Secondly , a print -out of some important regressions is provided on pages 291 -307 
At the top of each regression the number of the estimated eqution in the text is 
given. It is to be noted that the number of each one of the dependent and 
independent variables as given in the print -out pages is explaind by columns 
2 & 3 of page -284.b , ( see firstly ), 
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Key to the variables ,qf :u p' K0 ; Indusries_:= , 
bslt. Log. Variable 
1 21 Gross output 
2 22 Net output 
3 23 No. employed 
4 24 P4ales 
5 25 Females 
6 26 Net stocks of fixed assets 
7 27 Modern " it " 
8 28 Labour force 
9 29 Net stocks of plant & machinery 
10 30 Modern It it 
11 31 R & D scientists & technologists 1962 
12 32 " it tt 1956 
13 33 Total " 't 1962 
14 34 On- the -shop -floor " 1962 
15 35 Yhnagerial & others " 1962 
16 36 Intermediates 
17 37 Degreeof capacity utilization 
18 38 Net stocks of other structures 
19 39 Older stocks of all assets 
20 40 Stocks of all assets exluding modern plant 
and. machiny. 
In tke text 
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32LiQÜÜO i 1.960000* 2 1.041000m 7.630000m 2 4,6260000 2 1.619000m 3 9.400000* 2 2060000m 2 
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5.610000w 2 20258000m 2 1.357000* 60000000* 2 34410000m 2 2.016000r 3 1.0240000 309201000 2 
3250000m 2 1.746000m 2 8.670000* 1 8,1600000 2 6,9500000 2 2.06200to 3 7.870000s 2 405700000 2 
1030000o 2 100710°00 2 3.20000* 40400000m 1 1,240000m 2 3,760000* 2 1,830000m 2 1,490000* 2 
4470000m 2 2.426000* 2 1.120010m 20950000m 2 2,5400000 2 1,10000m 3 5,540000* 2 207000000 2 
6400000p 1 10450000m 1 7.300000m 104000000 1 10400000m 1 10309000m 2 141100000 2 1,100000m 1 
5050000w 2 5.800000m 1 3.110000m 2*800°°0* 1 100Q000 1 103100m 7,4000000 1 20900000m 1 
3570000s 2.136000m 2. .29A000,0 60830000m 2 1.930000* 2 1,7270u 6,7700000 2 3.67000010 2 
4940000m 2 50930000* 1 2.,90000m 4*7000000 1 3,000000* 1 1,660000m 2 9,600000w I 2,3000000 
643200000 2 3.6640000 2 2.400000m 2 40640000p 2 2.120000m 2 1,a71:70U. 3 5n940000* 20130000* 2 
30200000 2 10809000m 2 1 400000 2 7,750000m 2 5.0700000 2 100760000 3 7r:7200004' 2 3*29000010 2 








3,7045000 4 9,8249710 ".,1 4,204000m 2 1,2740000 2 60290000 2 1.079372m I 9,3646910 6.735760m 
4.74700UK 9,$12500m 001 6,110000m 1,2750000 2 1 5370UO Z k,5891 42m 0 64439350P 30446808* 0 
1,442900m A 9,864146m 3,570000, 447390000 2 7,0370000 2 100006* 1 9.101418m 0 60186826m O 
8.1640000 9,6088410 00 2,4350000 3,0970000 2 4,5160000 2 9.587050 6-764678m 0 641125750 0 
4.3410000 23 9,863309m 6180000, 1 6,3400000 1 9.8200000 1 847(0640+0 O 7,446585w 44920711* O 
104584000 4 9.894302m .1 2,9720000 2 2'18740000 2 407730000 2 1002H380 1 9,4414520 0 74.088576m O 
7.9200000 2 9,921053m -.1 3,3900(0 m 2.5800000 / 45700000 1 7,7777930 o 737462910 5,0159540 0 
5,4550000 3 0,9080000 001 1,115000T 2 1,030000, 2 1,742000m 2 9,342156., 0 8,691819m 2 60,205366m 0 
2.5650000 3 9,8898810 -01 6.03000014 
1 5,680000m 1 9.5900000 1 74844 O 8,225771m O 5,s80603 8P 
240060000 3 9,4848460 .41 6,7000000 1 54990000, 1 9.7700000 1 0 7,6572a30 n 545230600 0 
5,903000r 3 90886047m 2.6140000 2,2630000 3,4660000 2 9,602733m 0 0+6855650 0 6,052324* O 
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34603000o 3 94803109, .1 3,090000, 1 820000o, 1 9,98QOO8 i ,582(0361 0 7,4587630 0 5,242805m 0 
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46310001,1 3 9 833333m 01 7.180000m 1,116007)0 14557"" 4 6066!=170, 0 8,,086410* 
0 5.7261960 0 
-28a- 






6.164787. 5.903453. 0 6.835405. 6.406220. Cl 64753438o O 6 2 3 9 5763:-3 r, 6.883572p 0 
3.25809710 o 1,686399. 0 5055214* 4.8698390 O 3.465736o 5.278115T 4.645352m 0 6.637258m 0 
5.550765p 4.933034. O 70143855m 6.6750660 r,7,1 6.1984790 C 6.8127511 0 6,3325690 0 8,7178460 0 
6.005614. 0 3.824284. 0 6.967515. 6.623002o 0 6.144186m O 6.707351m 0 6,413623o 2 6.843750m 0 
40702297. j0292126. 0 50175019. 407309210 4,934474m o 4,727_4ht3.0 O 4.364372. 0 6.437752p 0 
6,8929460 (i 50360523. 0 6,7259! ' 6.220590p o 7,099202m Cs, 6420(2415m 5,7465230 1 7.914252m 0 
4.5!:549290 f) 4,019980. 0 4.34g97 t. 3.943522o 0 5,0235810 (1 3,7727614 O 3.356897o O 7.010312. 0 
5,7990930 0 5.109575. 0 5.685619" 5.2554100 0 6,21460 am o 5.211)032x 4,790820o 0 5.209550p 0 
5.438567. r, 4.969119. U 5.1393224 4.7344430 5.1317111P O 0 4.313450p 0 8,452121m 0 
5,471009w 0 2.541602m 0 4.927978o 4,359270m o 575949 o 4.218710 0 3,698830o 0 5,509388m rl 
5.97267. f: 4 0 5 0 0 4 4 I, O 6,117886m 5.7933180 0 6.0637850 0 5.6501/34 0 5.336576o 0 6.284134w 0 
5.516247m C. 3,763523r 0 50269403o 4.543295m 0 5,683580m 0 4,805.5911 0 4,063885* o e,381373m o 
4.9842910 0 2.890372. 0 40468204. 3,63495Im 0 , 1119fV3.10 0 30 78 41 9 0 o 3.1780544 0 4.6821310 
5,8f385.7810 0 50247550. O 5.8930240 5.338979m 0 6,3297210 0 5.419650o 0 4,9I0447o 0 603969300 
4.9(>9119. 5.117994. 0 506598310 4.69957Im 0 5.783825m 0 541619250 0 4,46245411 6,706862. O 
4.486387m 0 4.609162. 0 4.927254. 41 4.025352m 0 5.262690* O 4,6731630 3.642836o 0 3,784190* 0 
5.0363030 C 5.232178. 0 6.0712003 5,201806m 0 5,849325m 0 5 49 14140 4,682602m 0 5.686975o 0 
305945690 0 3,27'4364. 0 3.146389. 2.572612m 0 4.158583m 0 20674149m 1.987874o e 2.639057* 0 
5,066385p n 6.057486. 0 4.920711. !2 4.2209770 0 6,3885610 0 4,00443, A 34499533* 30332205m 0 
5.595063m 0 4,407938. 0 5,869579r 5,354698m 0 5,577736* 0 5.30u41. 0 4,865995* 1 6,526495m 0 
5.436774p 4,069027m 0 4.931592. 4.27109511 0 5.6835800 0 4.081609. 0 3.363842* 3.850148p 0 
6001.1022m 0 5.390897m 0 6.36853011 5.9053620 0 6,448859m 0 5,90746o fi 5413Q6:49m o 6.139385m O 







7.926406, 0 70513164m D 6.021023m 
60135565* 0 70559559v 
8.2039994 90663007. 0 8,807771, 
60182085m 0 ..2350954 0 70666222* 
64045CC5* 0 7.537430. 0 6,799056m 




















ri 7 5 2 2 4 0 0 O 6.1147372. 
O 9,171911, 0 6,2231)91m 
(" j9223. f. 7.472561* 
0 7.262629, 0 6,602588m 
0 7.567863v 0 7.009409v 
O 8.937875, 
C 6.194405, 0 5,656975m 
O 7,60a871, C 6.911472, 
7,631432. O 6.668228v 
) 7,7561950 
5,929559, 0 5,2094861 
7.011214. 0 6.31716qm 
4,912655, O 4,700530m 
4,875197. 0 4.104065m 












1.051939m 1 .1.765790m .2, 6,041207* 
0 8.465266* 0 .10892t0Am 2 4,1239030 
9.,576995m 
54697093m 0 9.11099'.:364 
5,956425* 0 8,375560* 
8,1)72467r 0 945676450m 















4 4 I I 6 v 0 
0 .1.165604 .2 5,677736m 0 6.16Q996w 
0 *3.1616m *2 5.495117* 
O _1076..05. .2 4.155753* 
0 .1.062.1u3. *2 5.694405* 
.7.9265* -3 3,523415* 
O .9024251* 4.714025m 
O .1.107298. .2 4,099332m 
O *5.288446m *2 4.204693r 
O .10146!)77w -2 5,5660524 




















0 .1.151179T -2 3 .765 t3,40p 
.1,70162. .2 4,9177894 
0 .40435387m *2 4,723842w 
.14988553* .2 3,430756* 
o .1714Y)94 *2 5,250177* 





0 .1.992508T -2 

















CI 5,177279m 0 












































IAGUNAL ELErEtJs OF HOP?.4AL INVFRSE 
1.738379* 0 1,738376s 0 
1PENDENT VARIABLE NO 22 







7.339 m w,1 5.6181940 .2 
34.236003 m "1 46937A1410 ,2 
2.111917p O 
ALYSIS or VARIANCE TARLE 
SUAS OF SOUARES 
JI REGRESSIoN 1.477171ln 1 
SIDUAL 5,2325Ar .1 








D7Z*FX7.4, MEANZ2 SOUARES22 FZZ.RATIO22 
2 7.386854p (.2 2.23420m 2 
Z.6162790 .2 
72 
SQUARED p SOUARED 
*965793 0.962373 0.92745 
Fl.NEUMANN RATIO 1,0!55923/1 ° 
PIANCE.COVARIANCE MATRIX 
0¡560 .0 .0.1,1308v .3 23 




6RESSION NO. 2 (7.1.4-) 
AGONAL ELEMENTS OF NORMAL INV-RSE 
.510973m 0 1.510973m n 
11E7NDENT VARIABLE NO 72 
;BER COEFFICIENT STANDARD rRRoR 
-292- 
MEAN Fq.VALUE 
22 DEPENDENT VARIABLE 84096674m 0 
2.3 7'7352080 ,I 5.2269750 ,2 5.704464, 0 2,16320)3 2 
29 2.774107v .0 4.2223314 .2 5.0529004 0 4.316600m 1 
0 2.2826244 0 
ALYSIS OF VAPIANCE TAALF 
sums OF SOUARES 
REGRESSION 1,477501m i 
sIDUAL 5,214844v .1 





N NEUMANN RATIO 1,651222m 
RIANCE.,CDVARyANCE MATRIX 
$734v -L,234 3 23 







Dzz.rzz* MEANZZ SOOARESZZ FZZ-RATIOZ2 




EGRESSION NO. 3 (6.1.8) IAGCNAL ELEliETS OF NOP1AL INVERSE 
1.760642m 0 7.714279m n 6.989381p 
EPENDENT VARIABLE NO 22 
POER CoEFFICIENT STANDARD ERR-R 
22 DEPENDENT VARIABLE 
23 7.096759m .1 4.141488p .2 
27 440561473m ..1 6.919314p .2 
J9 ^1.75540P .1 7.885702p ..2 
0 2.808573P 0 
NALYSIS OF VARIANCE TALE 
SUIS OF SQUARES 
LIE REGRESSION 1.503147m 1 
ESIDUAL 2.65498Op .1 










0224PRZZ. fEANZ2 SQUARES72 EZZ.RAT1022 
3 5.010489p 0 30585688m 2 
19 1.397358m .2 
22 
R SQUARE() R...BAR SQUARED 
0.902644 0.979903 0.991284 
ONwNEUMANN RATIO 2.304832, 0 
WIANCE..COVARIANCE MATRIX 












(;RE:SSION No, 4 
IAG0NAL ELFMETS OF NOPAL INVFRSE 
1,994905m 0 1.202201s 1 1,450951r 
EPENDENT VARIABLE NO 22 
MEER COEFFICIENT STANDARD FPRoR MEAN 
(7.1.13) 
22 DEPENDENT VARIAbLE 
23 7033066m 5.555495m ..o2 
30 3.221376m 1.021256m .4 
40 .17.762323m 1.430461t .1 
0 2.6296f36m 0 
ALYSIS OF VARIANCE TALE 
SOhS OF SDUARES 
E REGRESSIc)N 1,487341m 
1 
610UAL 4.235567m oo1 











D224P7.2, MEALIZZ SOUARESZZ EZZ.RAT1022 





hNEUMANN RATIO 1,946915P O 
IANcE.,covAR/ANcE mATrox 
.0e16m 0.3 1,457m .3.778m .n 










EGRESSION NO0 5 
IAGONAL ELEMETS OF NOP0AL INVERSE 
1755412P 0 1.739885m 0 1,011936, D 
EpENDErT VARIABLE NO 72 
UMBER COEFFICIENT 5TANDARD ERR0R 
(8.1.2) 
22 OEPF;4DENT VARIA8LE 
23 7.181689m -1 4.5910010 0,2 
26 3.275659m .1 4.0169700 .2 
37 8.44nr-49m 0 2.517869m 0 
O 202684210 0 
NALYSIS 0F VARIANCE TARLF 
SUMS OF SONARES 
VE REGRESSIo 1.496825m I 
ESIOVAL 3.287184m .1 
















D7Z.F220 tlEANZZ SO0APESZZ FZZ 
3 4.989415m o 2.383893m 2 





2.108m r.3 -1,10201p .3 11-39m .2 2j 
1,614P -3 7.977m 
6e3dO U 37 
AMAL MATRIX 
1;000 0.659 0.105 0.613 
10000 0.090 0.926 
1,000 .0.010 
1.000 
(jRESSION NO. 6 (841412) 
IAGONAL ELEmEoTS OF NORHAL INvF:RSE 
14776067m O #,15805611 ) 1407878714 








COEFFICIENT ATADA[) F.RR 
DePENDENT VARIABLE 
7002360Iw .1 3029845m .2 
4.109632w .1 5.70905510 ..2 
6.361071m 0 1.5745560 0 
140201469m .1 6.532794,0 .2, 
2.727573m O 
A YSIS CF VArIANCL TALF 
SUMS OF SOUARES 
E REGRESSION 1.513505v I 
SIDUAL 1.619165x -1 





NNEUMANN RATIO 2.016669m 
RIANCE4,C0VARTANCE MATRIX 
.109. 3 .5.37110 .4004110 





















rizzapz.z. teANzz sniJApeszz FLZ.,Aive_Z 
4 30783762o 0 4.206345m 2 




3 .5464Io .5 2.;¡ 
.3.3010 ^3 27 
0 3435014 .2 37 
4,2b6m 39 
-297- 
PikVSSION NO, 7 (9.1.2) 
TAG0NAL ELEMET$ OF NORmAL IkVERSE 
2.4(12672m 0 1,488401m 0 1.9851n6m 
EPENDENT VARIABLE NO 22 
UmBER COEFFICIENT STANDARD ERROR MEAN F.,VALUE 
22 OpENDENT VARIABLE 8.096e.74,0 0 
24 5.416664m .1 5.9529710 5.2893521 n 8,2793460 1 
25 2.234D35* "F1 3.471226° "2 4.371553v 0 4.142040v 1 
26 2.897227o .1 4.608346m .2 
o 2,642128w 0 
5,567602, n 3.630561m I 
NALYSIS OF VAFIANCE TABLE 
SUMS OF SQUARES 
UE REGRESSIoN 1.488415m I 
ESIDUAL 4,125149m .1 





DZZ.F7.2. MEANZz SOuAESZZ FZZATiCZZ 
3 4.961383e 0 20283500m 2 
19 2:172710x 2 
22 
ms-NEUMANN RATIO 1,42298m 0 
0.96414 
AkIANCEmCoVARIANCE MATRIX 
3544m $.3 -8.661m .1,7A90 Z4 








EGRESSION NO, 8 (10.1,1) 
IAGONAL ELEME;JS OF NORMAL INVERSE 
1,749830s 0 24,399651n 0 1,550295,, 
PENDENT VARIABLE NO R2 
(ThriER COEFF I CIENT STANDARD ERROR MEAN 
22 DEPENDENT VARIABLE 
23 74.41O633o .1 5.349214w .2 
26 2.7164770 .1 5.505443, .2 
31 4.401571m .2 2.45795610 .2 
206:J5800 O 
NALYSIS OF VAIANCE TAriLF 
SUMS OF SOUARES 
E REGRESSION 1,484927m I 















ozz.Fzz. mEANzz squAREszz FZZ,..ATIOZZ 
3 40949756r n Z*100649,0 2 
19 2.356295m .2 
22 
0,965258 
WNEUMANN RATIO 70965817, 0 
IRIANCE.COVARTANCE MATRIX 
06173 ..1,753 3 1.064, .4 23 
34331" -7*104m 26 
31 
MAL MATRIX 
0000 0.652 noa12 
1000 0.580 
1.000 
EGRESSION NO. (Not discussed in the the text) 
IAGONAL FLFmE, TS OF NORliAL INvFPSr 
1.7585820 0 2,391393m 0 1.5214951, 0 
PENDENT vA1IA5LE NO 22 
UMBER COEF7FICIENT gTAkDARD FRRoK 
22 OEPEO)ENT vAR1AALF 
23 7,45c112m .1 5.2311574 "P2 
26 2.6525670 .1 5,361204m .2 
32 4.693688m -2 2.253A00m .2 
0 2.1010560 0 
NALYSIS OF VARIANCE TAALF 
stANS OF SOUARES 
ur REGRESSIN I.487O95m 1 
ESINJAL 40260111m '41 














DZz.FZZ. t4EAr:22 squAO'SZZ F22. Aili:cz 
3 4.956984e C 24.210603m 2 
19 2.2421650 02 
22 
ON.NEUMANN RATIO 1047180r 0 
ARIANCERCOVARIANCE MATRIX 
2 737s 03 01.7060 ,pR3 1,264 0 m4 
o 95977 
23 
2.6740 .3 .6.3140 4 26 
5.40800 32 
NmAL MATRIX 
16000 0,652 0,64Z 
1,000 O,74 
I,b000 
EGRESSION NO. 10 
1AGONAL ELEOETS OF NORMAL INVFRSE 
1,307564w 0 4.502081x 0 4,404396!, 
EFENDENT VARIA4LE NO 21 
UER CnEFFIC1ENT STANDARD FRRoR 
21 DEPENDENT vARIAaLE 
23 2.272754m im1 3.359076v 
26 1.393776v m.1 4.656691v 
36 6.239299v ,1 4.922752,t ,2 
0 1.672433v 0 
"JALYSIS OF VAIANCE TARLF 
SUMS OF SOUARES 
A REGRESSION 1059629m 
I 
sIDUAL 1,700655v 





W NEUMANN RATIO 1,357775m 
RIANCE-CoVARTANCE MATRIX 
1.k28-v -3 .3011m w4 m1.2420 
2,170m m.3 
RmAL MATRIX 
















OZZIFZZ, EAflZZ SQUAqESZZ FZZ.,PAT/OZZ 
3 4.532096* 0 5.039537m 2 






GRESSION NO. 11 (7.1.9) 
IFOONAL ELFMEMTS OF NORMAL INVERSE 
41.71110110 0 3,492172m 0 3030576g 
PENDENT VARIALA.E NO 21 
UMBER COEFFICIENT STAP:DARO FRROR 
21 DEPE4DENT VARIABLE 
23 2042D741m 0,1 30259176g .2 
29 1.13;3720 3,75312,10 .2 
36 6.13S4350 .1 4.629369g .2 
0 1007947g 0 
N/q,YSIS 3F VA,IANCE TAFLF 
SU0S OF S0OARES 
OF REGRESSION 10359780n 1 
ESIDUAL 1,693589m 










D7 7..F22, mEAN27 SOOAAFSTZ F22-RAT/Ca 
3 4.532599g 0 54085022g 2 
19 8.913628m -3 
22 
P SOOAPED R*BAR SnUARED 






03 ..3197 4 23 
1,409* -3 *1.3090 3 Z9 









(iRESSION NO* 12 (6.1.7) 
1AGONAL ELMETS 0F NORmAL INVERSE 
1.849229m 0 .156210.g n 4,560269T, 0 8.105111* 
PENDENT VARIABLE NO 21 
r6ER COEFFICIENT STANDARD ERRR MEAN E.VALUE 
'41 DEPENDNT VARIABLE 
23 2,110667m ml 2.4131210 .2 
27 20361$45g '4.05519O0 .2 
36 64141,?23810 3'556679g .2 
39 1.359439m .1 4.640317v 
O 1.862189g 0 
'LYS'S oF VA"IANCE TABLE: 
suNs OE SQUARES 
REGRESsioN 1,3685440 1 
SIDUAL 8.171970m ,q2 


















OZZ/FZZ* tAKANZZ SQUARFSZZ EZZ..ti'AT/CZZ 
4 3.4213590 0 7.536062g 2 
16 40539983* 3 
22 
O0997028 
*327, .4 .2,379g m4 .1.793, w4 7.975* 
1.6450 1.386T 27 













GRESSION NO. 13 
AGONAL ELEMEvTS OF NORmAL INVrriSr 
.03193v 0 1.230755m 1 5,o325 
(Not discussed in the text) 
a 2.05060416 1 
rENDENT VARIABLE NO 21 
lER COEFFT CIEhT STANDARD ERROR MEAU F.VALUE 
21 DEPENDENT VARIABLE 6.996497v 1 
23 2.47991m .1 3.229416m _2 5.704464, 0 5.892531v 1 
30 1.71--i309m -1 5.994227m .2 4,51088, 0 6.226990m ° 







9.664877z -2 5.117516, 0 1.163763m 
0 
NALYSIS OF VARIANCE TARLF 
SIMS OF SQUARES 
UE REGRESSION 1.363211m 1 
Es/DUAL 1.350307v .1 





0224,F220 HEANZz SQUARESZZ FU-PAT IUZZ 
4 3.4060320 0 4.5430090 
2 
18 740501705m .3 
22 
0.995084 
ON.NEUMANN RATIO 1.294112r 0 
APIANCE.00VARTANCE MATRIX 
1,043r .3 4,712m -4 .9.9881. .116I1 .3 23 
3593m 403901; .4 .5.0770 m'3 30 
2.312, .1 .20565v .3 36 











EGRE$SION NO. 14 
- (8.1.6) 
IAGONAL ELFETS OF 'oAL INvrRsE 
1.818440y 0 4,54976710 o 4.45640p 0 100237104 
[-PENDENT vARIABLE NO 21 
1J-FR COEFFICIENT STANDARD ERROR NEAN FI,VALUE 
21 DEPENDENT VAPIAilLF 8.996497v 0 
23 2.2113154 .1 2.89379010 .2 5.704464, 0 
26 105043610 4,02231% .2 5.567602, 0 
36 6.112.3294 .1 4.252618w .2 8.416940, 0 
37 4.366370o 0 1.56056* 0 .1.762449m 
O 1,028'3410 Cl 
NALYSIS OF VARIANCE TARLE 
sUm$ OF SOUARES 
U-C REGRFSSION 1.3647724 1 
ESIOUAL 1,194179m "1 







07.2.F;-2-Zo MEANZZ SOUARESZZ FZZ.PATIOZZ 
4 :34,411930s 0 5,141979m 2 




N.NEUMANN RATIO 1.190186m 0 
WIANCE*COVARIANCE MATRIX 
.J74 4 .2,903w .4 .2.291, .3,4610 .3 23 
1.6184 .3 .1.344m 6.4594 .3 26 
1,8080 *3 .7,153m .3 36 













GIS ESS l ON NO, 15 (Not discussed in the text) 
AGONAL ELEM1;:.;TS OF NORh1AL INVERS4:,. 
1.8514370 0 x,.4929224 4.681511m 0 1.100377,,, 
.0040134 0 
PENDENT VARIA3L-E NO 21 
BER COEFFICIENT STAm17AR1} ERROR MEAN F,.VAL.UE, 
21 DEPENDENT VARIABLE 8.9964974 0 
23 2,09t$814 ,.1 2.106076o -2 5.7174464, 0 
9.8656554 1 
27 2.17t4934 .1 3.6085034 .2 4.972965, 0 
3.6446714 1 
36 6.291?839* .1 3.1340174 .2 8.4169404 fJ 4.0394144 
2 
37 3.+329624m 0 1.1728134 G -1.71324494 .2 6.6729754 
r;; 
39 .103275,a ..1 4.398Q04.b w2_ 4.7242924 Q 5.5817714 0 
O 1.96j1254 C+ 
IdAL.YSIS OF VARIANCE TAROT_ 
SUMS OF SOI±ARES 
OF REGRESSION 1.3708474 1 
ESI..UAL. 5.8684414 .2 
OTAL,(rO1RR1`:çT) 1.376716m 1 
R SQUARED K-8AR SQUARED 
DZZ.rZZ. mEA1''2z S,fauARESZZ FZZ.r,:A? 1- VO 
5 2.7416954 ü 7.942281m 2 










44364 -4 ,17574 -4 .1 .332, ç .. 4 .8.529 r4 5.161m .5 23 
1,302m . 3 -2.,26 m e -4:2 4 '3 ..1,1434 .3 27 
9.8224 . 4 .5:143m -3 .5C-,134 .4 36 
1,375m 0 1,4544 .2 37 
1.9354 .3 39 










EL,ESSION NO. 16 (9.1.7) 
lAry6NAL EEENEf TS OF NORmAL INvFRSE 
?.42Z414 O 1.6627490 5.309321,. o 4.745533w 
EtENDENT VARIABLE NO 21 
U-BER COEFFICIENT sTAMDARD FRRok MEAN F.VALUF 
0 
-306- 
21 DEPENDENT VARIABLE 
24 106495710 .1 3.709333p 2 
25 7.340936s .2 2.276761p ,2 
26 1.306681m .1 4.6798710 ,2 
36 6.213162m .1 4.926773v " 
0 1.845667m 0 
NALYSTS OF VARIANCE TABLE 
SUMS OF SQUARES 
UC. REGRESSION 1,361655m 1 
ESIDUAL 1.506066m .1 
UAL(CORRECT) 1,376716m 1 
R SQUARE!) 
0,969060 








1.039566m I 1 
7.172251v 0 
1.589410m 2 
072.FZZ. vlEANZZ SOUARESZZ F22.RATIOZZ 
4 3.4041350 0 4.068511w 2 
111 8.3670360 3 
ZZ 




03 .305624 .4 1.650* .4 24 
5,18441 .4 2.539p .4 .3,63s .4 '5 
2.3610 .1 .1,49J3* .3 26 













GRESSION NO, 17 (11.4..12) 
AGONAL ELFMFmTS OF NORMAL INVERSE 
80789101 C 7.003976s O 1.8353s910 0 5.184168m 
PENDENT VARIAi.i.LE NO 21 








2.27594610 .1 2.647070m ,2 
50181960v .2 4.92498310 .2 
4,05866810 .2 1.39633610 .2 
6.74(,538. ,1 4.5262160 ...Z. 
1.46395(/* 
NALYSIS OF VAIANCE TARLY 
SONS OF $91JARES 
Pi REGRESSION 1.365067o 1 
ESIDUAL 1.1628700 .1 














D2Z4F7.2. rAFANZ2 SOOARESZZ FZZ.NATI:Zi 





0%.NEUMANN RATIO 1.623987P 0 
WIANCE.00VARIANCE MATRIX 
8010610 4R4 .2.7700 .R4 10533, .6 -2,39% .4 Z3 
2.42610 -3 ,11010 .4 .1.607. .0 26 
1.95010 .4 2.411. -4 31 
2.049,0 .3 36 
ORMAL MATRIX 
1.000 0,652 0.312 0.642 0,105 
1.000 0.550 0.814 0,046 






The estimates of the restricted production function. 
The restricted Cobb- _)ouglas production function is incapable 
of reflecting increasing and decreasing returns to scale since it 
implies the assumption of constant returns. It was due to this 
limitation that Douglas (1948) abandoned its application in favour 
of the unrestricted form. However, from a statistical point of 
view, the use of the restricted form is still attractive for the 
following purposes. 
a) In the case of the existence of a strong multicollinearity 
amongst the explanatory variable due to high correlation, a 
reduction in the degree of multic.11inearity and hence an increase 
in the order of the matrix of the explanatory 
variables is likely to result from deflating through by one of the 
explanatory variables (see section H of chapter XI). 
b) If it was the case that multicullinearity was due to the 
view that all the variables were dependent on the (arbitrary) size 
of conventionally defined industries, then deflating through by 
labour, e.g., would reduce greatly such multicollinearity. 
c) In the case of the need to test the significance of increasing 
or decreasing returns to scale reflected by the unrestricted form, 
it is necessary to estimate the sum of squares of the residuals of 
the restricted form (see footnote 1, page1 5). 
d) In the case of the availability of a few number of degrees of 
freedom, thus the use of the restricted form allows one degree of 
freedom to be saved. 
The restricted form estimates are given by Table (II.1) for the 
net output and gross output functions. Investigating these 
estimates reveals a startling consistency with the estimates of the 






Estimating the Restricted Cobb -Douglas Production Function 





Utilisation Total R & D62 R & D56 F II 
Inter- 
mediates R2 R2 
1 1nNO 
2 1nN0 
3 1nN 0 
4 1nN 0 
5 1nN 0 
6 1nN O 
7 1nN 0 
8 1nN 0 
9 1nN 0 

















0.406 -0.113(a) 6.373 



































































0.0599(b) 0.694 0.663 
(0.0395) 




0628 0.973 O'970 
(0.065) 






0642 0987 0984 
(0036) 
0677 0982 0979 
(0043) 
0652 0.980 0977 
(o 043) 
0660 0979 0.976 
(ooJ111) 
0o41o(a) 0.642 0977 0'974 
(0.0220) 0'045) 
0.0322(a)0.655 0'977 0'973 
(0.0182) (0.047) 
TABLE (II.1) (Contd.) 
Output Elasticity with respect to 
Eqn. Capital Degree 
of Inter - 
ìvo. Dept. All Modern Older Capacity 
mediates 
2 2 
Utilization Total R & D62 R & D56 F M R R 
21 1nG0 0.0800 
(0'0453) 






(a) Significant at the 10/0 level 
(b) Significant at the 20% level 





0.659 0.986 0.982 
0.639 0.984 0.981 
(0.039) 
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unrestricted form. The aspects of this consistency dre 
summarised by Tables (II.2) for the net out-put function and 
Table (II.3) for the gross output function. In both tables 
the comparison is drawn between the coefficients, the standard 
errors, and the amount explained of the residual upon improving 
the specification of the input factors and the production 
function itself. 
Tables (II.2) and (II.3) reflect a close agreement between 
the estimates of output elasticity with respect to all capital 
assets, modern stocks of capital, older stocks of capital, 
the degrees of capacity utilization and the research and 
development personnel for the restricted and unrestricted forms. 
These estimates, thus, extends the findings of chapter VI, with 
respect to the restricted and unrestricted forms of the 
traditionally specified production function, to the more 
accurately specified inputs and functional relationships.1 
Table (II.1) indicates a large difference between the R2 
of the unrestricted and restricted net output function. Never- 
theless, there is a close agreement between the percentage of 
the residuals explained by: drawing a distinction between modern 
and older stocks of capital; introducing a correction for the 
degree of capacity utilization, and the explicit introduction 
of the research and development personnel in the specification 
of net output functions (see Table II.2). 
Table (II.3) on the other hand reflects a much smaller 
difference between the R2 of the unrestricted and restricted 
gross output functions as compared with their counterpart net 
1. See p. 112, ff. 
TABLE (I1.2) 


















ed of the first 
1eadusttion'sunrestd. 




1I.1.3 6.1.8 0'450 0.456 -0.165 -0.175 50.6 471. 
(0.063) (0.069) (0.067) (0.079) 
II.1.2 8.1.2 o.313 o328 8'735 8'443 34'1 31.6 
(0.039) (0.040) (2'544) (2'518) 
11.1.4 8.1.12 0.406 0.411 -0.113 -0.120 6'373 7'220 68.4 67.5 
(0'052) (0.057) (0.056) (0.065) (1.827) (1.926) 
Rb2 R56 
Restd. Unrestd. Restd. Unrestd. 
11.1.5 11.4.1 o254 0.272 0.0440 0.0440 8.9 11o 
(0055) (0.055) (0.0251) (0.0246) 
II.1.6 i 1. !1_ . 2 0'247 0.262 0.0468 0.0491 13.1 18.4 
(o053) (0'053) (0.0231) (0.0212) 
For instance the percenttge explr.ined of the residual of the traditionally 
specified function (6.1.1.) due to correcting for the vintage of capital by 
(6.1.8) is calculated as 
(1 -Ra ) _. (1 - ñ5 ) 
loo 
( 1 -R2 ) 
where the subt. a and b refer to the two Oquations 
respectively. 




Again the close agreement between the various 
output elasticities as estimated by the restricted and 
unrestricted gross output functions is startling. Moreover the 
percentages explained of the residual due to improving the 
specification of inputs and the gross output function by the 
restricted and unrestricted forms are very close. 
The main conclusion which can be derived from Tables (11.1)- 
(11.3) is that the findings of the present study do not seem to 
be influenced by the official classification of the studied 
manufacturing industries. In other words the conclusions based 
on the results of this study would be the same had the 
classification of industries been different. 
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TABLE (11.3) 
A Comparison between the Estimates of the Restricted and Unrestricted Forms of Gross Output Function. 
Equation No. 
Restd. Unrestd. 
Output Elasticity with respect to 
All Assets Modern Assets 
Restd. Unrestd. Restd. Unrestd. 
Older Assets 
Rest. Unrestd. 




of the underlined equation 
Restd. Unrestd. 
II.1.12 6.1.6 0.139 0'139 
(0.046) (0.047) 
II.1.13 6.1.7. 0.202 0'236 -0.0930 -0.136 36.7 50'0 
(0.042) (0041) (0.0491) (0.048) 
II.1.14 8.1.6 0.150 0.150 4.236 4366 26.7 26.4 
(0'040) (0'040) (1'5391 (1.568) 
Rb2 R56 
Restd. Unrestd. Restd. Unrestd. 
II.1.16 11.4.10 00534 0.0538 00408 0.0406 30.0 28.5 
(0'0479) (0'0493) (0'0135) (0'0140) 
II.1.17 11.4.10 00807 0.0735 o32o 0334 
(00467) (0.0469) (0.127) (0.122) 
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APP JJDIX III 
The treatment of the most relevant sources of statistical bias 
it is stated in Chapter V is in line with Thiel (1958) if the correctly 
specified relationship is: 
(6.23) Y = 
1 
1 + u1 
and the wrongly specified relationship is: 
( 6.24) y = X2 ñ + u2 
"First, it was observed that the specification (6.24) as such 
has been hardly defined, in particular, is not defined. So we 
are entirely free in defining; and we shall interpret /2 as the 
mean value of the least- squares expression b2 = (X2X2)- 1X'2y. 
In that case 
fi 
can be easily shown to be equal to 
Í' 2 PP1 
where P is the coefficient matrix of the least- squares regressions of 
the correct explanatory variables on the erroneous ones: 
X1 = X2P + least- squares residuals "1 
Applying least- squares to (6.24), we find 
(6.110) b2 = (X2X2)-1X2y = (X2X2) 1X2X1/3 + (X2X2)-1X 





Theil, H. Economic Forecasts and Polio , North -Holland Publishing 
Company, Amsterdam, 1958, page 213. 
2 Ibid p. 326. 
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"This result, though very simple, is of wide applicability in 
econometric analysis. Suppose that (6.24) contains the same 
number of variables as (6.23), both being fully equivalent except 
for one variable; i.e., the last column of X1 differs from the 
corresponding column of X2. In such a case the two P 's 
have an equal number of components and even an identical economic meaning 
for all components except the one corresponding to the above mentioned 
variable . Still it can be shown that in general all components are 
affected by the incorrect specification. For the matrix P, which is 
square in this case, will now be unit matrix except for the last 
column, and this column will generally consist of non -zero elements. 
Hence: 
( b2) A = PA + PR.1ß. 




respectively, and the p's are the coefficients of the auxiliary regression 
A -1 
xn (t) = pin xít (t) + p x',(t} + residual 
A=1 
x ' being the substitute for the variable The difference 
( b2),\ -,t3A = px 
. 
,8n may be called the specification bi ̂ s of the 
coefficient (gb2), "1 
"Secondly, specification analysis can be used for the treatment 
of errors of measurement (or errors of observation). If there 
is no correlation among the explanatory variables, the least squares 
1 Ibid. pp. 326 and 327. 
The two equations above are close to (5.8) e (5.9) in the text. It is 
ta be noted that ,ß^ is the last coefficient of the vector ßi of (6.23) 
(see p. 315). 
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parameters are biased towards zero; and if there is such a correlation, 
this effect tends to be even worse 
1 
The Applied Tests 
The equal -tails "t" test is used to test the significance 
of the estimated and discussed coefficients. Unless otherwise 




- m) = 
S.B. 
where n - m is the number of degrees of freedom. 
If the table of "t" is one -sided tail then t(.025, n -m) should 
be compared with the computed "t ". 
0f 3 1 the case of testing the significance of the difference between 
e 
two coefficients, especially in the case of testing the significance 
of the difference between males and females elasticities, the one -sided 
tail "t" test is used as follows: 
t(.05, n-m) = 
a1 - a2 
Var.a1 + Var.a2 - 2Cov. (a1, 
where a1 and a2 stand for the elasticities of males and females 
respectively. 
For the equation 
N0 = f (Lm, LF, KA, A) 
where NO, Lm, LF and KA stand for net output, males, females and net 
stocks of all fixed assets, and A is a residual term. 
1 
Ibid. P. 214. 
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In order to test the hypothesis that the elasticity of 
Lm is larger than the elasticity of LF, the null hypothesis 
is that the elasticity of Lm = elasticity öf LF. If the 
difference is positive and statistically significant, the 
null hypothesis must be rejected. The Computed "t" 
for British manufacturing industries is 
00.542 - 0.223 
t(0.05, 19) 
--1.'/ 0.00354 + 0.00121 




since the tabulated one sided tail t(0.05, 19) 
is 1.729, the 
null hypothesis is rejected. 
